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PREFACE. 



X HB Author having occ9si<mflily met i«4tH puzzles 
idating to Numbers^ Geometrical IBigureB^ &c. inter- 
spersed in different books^ apprehended that a eoUection 
of the hfist, wkh thenr atduHaxu^ Toif^ ht, ia»^, suffident 

to form a small volmne. 

After extensive enquiry, no work appearing to eadst of 

the same description, he proceeded to coHect from sucb 

'^ materials as seemed most suitacble for his ptcrpose ; and 

\ the result of his labours, in addition to a few originals^ 

^ he now offers to die pubKc. 

It must, however, be noticed, that Dr, fhHton*s Mtt- 
^ ihematical Recreations, in 4 vols. €to. contain, wnongst 
^^ many other curious and interesting subjects, several 
j^ puzzles relating to aun^rs, &c. 8cc., particukrly in Ufae 
^ 1st vol.; but a work so large is rendered less acoessilde 
r:: than a small* voUmie at a rooderale evjpeace^ The same 
xnay be said respecting Hooper's Ratiowjd Recreations, 
in 4 vols. 8vo. 

From those works, particularly the former, the Author 

acknowledges having taken such puzzles ^s he considered 

the best. He has also taken a few from ''^The Circassian 

. Puzzle," a recent performance, ingenious in its design, 

and calculated to afford much amusement for youth. 

Although some of the puzzles relating to numbers 
admit ot regular calculation, they ipre, nevertheless, of 
an amusing nature. 

And, in reference to the puzzles in Geometry, although 
sev.eral of them may not be considered strictly entitled to 
that appellation, because they cannot be solved mechan^ 
ically, yet they will be found equally curious and 
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interesting in their nature^ particularly those that are ta 
be performed by means of the compasaef only : in 'solving 
which^ were a ruler to be used^ it must be acknowledged 
that their difficulty as well as interest would vanish 3 for 
it must not be understood that any of these are to be 
performed merely by rg>ea<€d trials with the compasset^ 
and> here,, the young students ^re advised not even to 
attempt, such methods. Under the^ limitations, they wiJI 
have to exercise their ingenuity 3 and> it is presumed, that 
they will become much more familiar with the relation 
between different lines in, and about a -circle, &c,, as 
well as. with their values, than, when a ruler is employed^ 
Such demonstrations as appeared either simple, or 
likely to satisfy the investigating mind, have been sub- 
joined. In order to comprehend these, itwill be necessary, 
in some instances, to refer to Euclid; without a know- 
.ledge of which indeed, we must not hope to experience 
(so far as respects Geometry) the truth of the motto 
taken from Virgil, and adopted by Reynard xa his '' Geo- 
metria le^tima'': ■ . 

**FeUx qui potuit renim cOgnoscene aausas^***^ 

In conclusion : it may be observed, that all the questions 
as well as their solutions, have been carefully revised;' 
and both, in several instances, new-modelled ; and it has 
been the Author's endeavour to render th^ latter as clear 
as the nature of the subjec^ will admit. 

J3»The young students are particularly recommended 
to give every question a/air trial, before they refer to the 
hey for assistance. The same hint may be given to those 
oi riper years, who also, it is hoped, will find some 
amusement in this little volume. 

*<< Happy the man^ tvbo, studying pature^s laws,. 
Through known effects can trace the secret cause." 

Bf'yden^s Translatimt, 
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CURIOUS PUZZLES. 



[•'•!M«^^t< 



1. To a thousand add one, twiee fifty and ten 
Six-sevenths of a nullioa's thb sum I'll 



maintain. 



2. It is required to CKpress 100 by fourft's. 

3.. If from six ye take oiae, and fiom nine y< 
take ten, ' 

. ■Ytl^'i***''' "^""^ *^ "y«*«*y eqrlainj) 
And if fifty fi-opi forty be taken, there then 

ShaU just half a dozea remam. 



if 



ARITHMETICAL PUZZLES. 



4, It is, required tp place three 2's. in such a 
maimer as to form three numbers in Geometrical 
Progression. 



5. Express 12 by four figures each the same. 



6. A gentleman dying, left his executor a sum 
less than ^£'2000* to be divided between his re- 
lations in such a manner, that his father and 
mother, son a&d grandson, brother and daughter, 
should each receive a sum not less than .^666 
135^. 3d. Required the relationship^ and the sum 
to be divided ? 



7* A person has a fox, a goose, and a peck of 
corn, to carry over a river; but on account of 
the smallness of the boat, he can only transpoit 
them one at a time : How can this be done, so 
that the fox may not be left with the goose, nor 
the goose with the com ? 



8. A schoolmaster to amuse his . scholars, 
showed them a number, which be said was the 
sum of six rows, each consisting of four figures* 
He desired them to write down three rows of 
figures, to which he would add three more; and 
assured them that the 'sum of the whole should 
be equal to the number he shewed them. How 
must this be dore? 



9. Supposing there are more persons in -the 
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world than any of them has hairs. u{)oq hisliead^ . 
it then iiet;e$8arilj!foUows that some tiVo of them 
at least must have exactly the same nitmber of 
hairs on their heads to a hair. Required the 
proof? : i I • . ' 



10. Place iu a row, nine different figuresy 
the sum of which shall he 45. Directly under 
the above, place' another row, consisting of nine ' 
diffei'ent figures/ the sum of which shall also be 
45. Svtbtract the lower figures from the upper, 
and the remainder shall still consist of nine 
different figures, their sum being 45 as before. 



11. It is required to distribute 21 bottles 
amongst' thr^e persons,' 7 of them full of^Mrine, 
7 h^f fu]l> and '7 empty, so that 'ea6h may 
have the ;same quantity of wine, and' the sam6 
number of bottles. 



12. In an Arabian manuscript was found this 
remarkable decision of a dispute. Two Arabians 
sat down to dinner: 'one' had 5 loaves and the 
other 3. A sttanger passing by, desired permis- 
sion to eat with them \ to which they agreed. 
The idtrmg^r dined, laid doWn 8 pieces of moOey 
and depai^ed. The proprietor of the 5 loaves 
took up 5 pieces, and left 3 for the other, 
who: Objected, and insisted for (me half. " The 
causetcatne before Ali, the magistrate, who gave 
tfei6 foUowing.judgta&ent': <<liet the owner of the 



» t 
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five loaTes hare 7 pieces of money; and the 
owner of the three loaves 1; Qiiere^ the justice 
of this sentence ? 



13. Three jealous husbands and their wives 
having to cross a river, find a boat without ^ts 
owner, which can only carry two-persons at a 
timet In what manner then can tkese six pei*^ 
sons transport diemsetves over bypain», so that 
none of die women shall be le^ in company 
with any of tbe men, except wheti her husband 
is present? 



rt*9«Mi^a*** 



14. A man coming from* Lochrin distillery 
with an S-pint jar fiill 0f spirit^ was inet by a 
person going ibiihor wilfi: a 3-pint jar, and 
one of 5 pin^, botti empty. Beio^ pressed foe 
time, he begged the person, who was retaming, 
to give him four pints out of hia quantity. How^ 
are they to measure- 4 pint*^ exactly with these 
Areejanoi^.^ 

15. Mlifeis atmfli (tbo* tlie number's even,) 
TThat half of twelve 's txneAy seven. 



16. Fifteen Christians asid fifteen Turto being 
m the same ship at sea,^ in> terrible storany 
and it benig thought indispensably hepessary^ 
that half the number of passenger should be 
thrown overboard to prevent it from sinking, it 
was agreed on that they should be ctist away by^^ 
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lot. [ Hiey we)% all to be placed in a ring, and 
every nenM. man was to be cast away, till only 
half the number remained. 'How must they be 
placed^v so that the* lot may &11 on every Turk, 
and thus every Christian.be saved? 



17* Place four 5's so that their sum shall be 
61. ' 



18. Place the nine digits, so that the sum of 
the odd digits .may be equal to the sum of the 
even. ones. 



19. Place the nine digits in two different ways, 
so that in one case, their sum may be 17, and 
in&ejother, 31. ' - 



20. Two^thirds of six, if multiply'd 
By just one-fifth of seven,, 
Then Wilkes's number is descry'd 
^ When product's feirly given. 



21. Suppose three gentlemen and their three 
seryai^t^ Imve to cross a river in a boat, capable of 
conveying only two persons at a time; and that 
they are told of the servants* design to murder 
them when thus separated.. It is required to 
show, how thqse gentlemen may contrive to 
have their number, on both sides of the river, 
always; equal or superior to the number of the 
servants, and thus be out of danger. * 

b2 
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. 32. A g^ntteman hmhg a easdr. sitmled .on 
a square, and garrisoned by 48 soldiers^, ao 
ordered them, as that any two corners and'thi^ 
diHe between them shoaU coimiM; of 16 men: 
but supposing he had not a sufficient nmnHcov 
he hired 8 more, but etitl ordered them as before; 
aftei'wards 16* men were paki' off, not being 
wanted, but still he kept up his 18 men. HotiP 
must they be placed^tn* eacfaxase ? 



•kM 



23, Come tell to me^ what figums three. 
When multiplied by four. 
Make five exact, (it is the fact) 
Tliis unto me explore. 



24. One third of twelve, if you divide 
By just one*fifth of ^even, 
The true remilt (it has been tried,) 
Exactly fe eleven. 



25. The sum of fonr Hgtires hi raltie will be, 
V Above seven- thousan d nine hundred and 

three; 
But when tbey arfe halved, you'ttfe^wiy 

feir 
^^ The^mwillbeiiodiiBgiBtratii>IdeclQi«; 



26- A walking out, ftids, cwi turning raund, 
Ihat B i« 400 yards b*ihd Mm, ilesiririg to over- 
take him; tftey each of tfrom moved 200 yards 
with their faces towiif db edcli «*er in a «reef 
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line, jet were still 400 yoxA- aninden How 
couM this be? 



iS^. Themm of the digits & number wiltmai(e, 

From which, if just fifty you properly tiJce^ 

One-third of that number is still left behind: 

Whdt it is, in whole numbersi endeavour 

to find. 



28. To give a peraoii bis choice out of tbre^ 
or four rows of figures which shall be written 
down ^ for him ; to let bim multiply the row he 
makes choice of by any nund^er ^ to tet bim sup^ 
press or rub out any of the figures; and ev«i to 
alter the arrangement of the rest, to let bim 
shew the figui^ that r^nain ; and to tell him 
then wbat figniwhe has suppressed* 

■■ ■ . 

'29. In idiot manner osay a number of nuns be 
disposed of in the eight external cells of a square 
convent, placed like those in a chess boards so 
jfhat a btind abbess^ who oceuf^ies a cell in the 
middle, shall always ^nd whenever she visits 
them, 9 in each row, and yet some of them may 
have gone out, or a certain number of men may 
have been intosduced so a$ flo vnry the number 
from20to32? 



••r 



80* Six hunihred and sixty so ordered may. b^ 
!niai if you divide the wbirfe number by 
three. 
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The quote will exactly in numbers express' 
The half of six hundred and sixty, not less. : 



31. From half of five take one, then five sb^I 
still remain. 



32. A wine merchant having 32 casks of choice 
wine, ordered his clerk to aiTange them in a 
square, so that each side should contain 9; which 
he did. But being roguishly disposed, he took 
four'ot them, and contrived to place the re-^ 
mainder so that each side still contained 9f 
having succeeded in concealing the theft, he 
ventured to take away other /otir, and placed 
the remainder as before; The rogue not yet 
contented, took away /owr more, and again con- 
trived to place the remainder so that each side 
still contained 9< -^ After this he could do no 
more, ftecjuired the arrangement of the casks' m 
each case ? 



33. If required to place four S's in such a 
manher as to form four i^imbers in Geometrical 
Progression. 



34. Oi^ the. day that I was bom, mty&ther laid 
by <3^5 for me, and on every succeeding birth- 
day he added j^5, till my birth-day at 24 years 
of age,' when I was married,* and received my 
portion, which proved to be only iP35w How is 
this accounted for ? 
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35. I)ivide half of nine by half of five, the 
quotieht shall be one. 



36. A blind abbess visitiag bermois^ wbo W6re 
equally distributed m-S ceHs^ built at the four 
corners of a sqpiare^ and in die misMle of e^h 
side^ i finds an equal number of pecsons in each 
i^ow or side, containing three cells. M ^ seoond 
visit, she finds the same numl^er of p^rsobs in 
each row, though their nufiiber was increased 
by the introduction Off 4 men. And, cominj^ a 
third time, she stall finds Uie s^me numb^ of 
persons in each roW| though the 4 men were 
then gone, and hoA esch carriecl^ 9wagr a nun 
with. them.. Required the distribution, in^^acb 
case ? 

/ 

' 3?.. It is required to fmd, by extamihatlbn, 
all the prime. numbeiB^ except the nimiber % 
from unity to 100 ? 

38. Place in a row nine figures^ eada different 
from the odi^r; multiply diem by. 8^ and the; 
product shall still consist of nine different figures. 



39. A party of soldiers consisting of 40 men, 
having been quartered in a certain district, where 
diey had rendered diemselves odious by theft 'and 
outrageous a>ndfict, the c(»nmanding officer was^ 
determined to decimate them, or to have every> 
tenth man shot as a tenor to the rest of tiie 
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amy ; But knowing from tbeir general charac- 
ters, which had been the ringleaders^ 'desires to 
be informed how they-may be placed, so that the 
lot may &U upon the most culpable. 



• f r f 



I "• " ' M 



40.' It is required to phme three 3's in sucH a 
manner, as to form three number's in Geometrical 
Progression', the common ratio of wbieh shall 
be 3? 



. ^h Kac^ in; a row 9 figures, j each different 
jErom the: other ;> &e sum 'of whicfr shall 'bc'lBf 
and .multiply them by any of the) nine digiti^ 
excepting .9, 6, and 3 ; and the several productk^ 
shall still. consist lOf nine figures, each differenifr 
from the other, and their sum 45. 



.43.: rt is required to. place four 3^s in such a 
linanndr, as tolfoirm six numbers in Gpeqmefrical 
Progression. ; . • ^ 



43.' Place five 3's in suc^ a manner as*^ to form 
six^numbeifii in Geometrical Progression. ' 






44. It is requiredto-exp^ess 78 by six figures 



eachrtbe same. 



. 1 )- 



.' - • : ' ■ . . . ■ ■ • ' . 



45; There is a. number consisting of fnine 
digits, wbich being multiplied by five 'different' 
digits, each of those products iwili^contain exactly* 
iiiiie digits and -a cipher, n •; \ i i .:;. 



_ * 
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46. To place 1 4 figures in sudi a miumec as 
to exhibit not only the numbers to be miiltiplied^ 
l)ut the products beyond any conimQn,]VIultipli* 
cation Table. 



47. Two persons agree to take, alternately, 
numbers less than a given number; - suppose less 
than 11, and to add them together till one of 
them has reached a certain sum ; suppose -lOO, 
By what means can one of them infallibly attain 
to that number before the other ? 



48. To find the difference between two num- 
bers, the greatest of which is unknown. 

49. A number, consisting of the nine digits, 
being divided by 2 and 5 separately, the respec- 
tive quotients, as well as the sum of the quoti- 
ents, shall all consist of the same nine digits, 
though not in the same order. 

50. A person choosing any two out of several 
given numbers, and after adding them together, 
striking out one of the figures from the amount, 
to tell what that figure was. 



51. To distribute amongst three persons, 24 
casks of wine, 8 of them full, 8 half full, and 
8 empty, so that each shall have the same quan- 
tity of wine, and the same number of casks. 



t£ 
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59. A getiikffmm fads « boitde o^ntainiiig 12 
finis of w^5 balf^ which he is demoitt «f 
givii^ to a friend; bat a» he hais notjbiiig lo 
measure it with except two othei; bottle^;, one oi 
7 pints and the other of 5. How must he 
moMige to hgve the 6 pints in the botde capable 
^ containing 7 p^o^ ^ 



i 
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If we take the coibmon arithmetical progress- 
ion of natural numbers, proceeding regularly 
from unity, and terminating in any square num-- 
ber^ the terms of this progression may be so 
disposed within the cells of a geometrical square^ 
that the sums of each row, taken either diago- 
nally, laterally, or vertically, shall be th^ s^ine; 
and such arithmetical squares are called Magic 
SauARBs* Nevertheless, numbers proceeding 
regularly or irregularly, whether from unity or 
otherwise, and whether they terminate in a 
square number or not ; if disposed as above, are 
generally unden^tood to form Magic Squares, 9lh 
well as the former.* 



I. Questions in numbers forming three rows. 



1. Place the nine digits so as to form 15 every 
way, 

V 

2. With the numbers 8, 9, 10, &c. to 10, to 
form 36 every way. 

* Numbers in geometrical progression^ may be placed 
as above^ but then the products will be the 8aitfe> and 
not the sums. 
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3. With every other number except 4 and 20, 
from 2 to 22, to form 36 every way. 



4. With the numbers 16, . 17, 18, &c. to 24^ 
to form 60 every way. 



5. With the nine first terms of the geometri* 
cal progression, 1, 2, 4, &c. to form a product 
of 4096 every way. 



IL Questions in numbers forming four rows. 



6. With the numbers 1, 2, 3, &c. to 16, to 
form 34 every way. 



7. With the numbers 1, 2, 3, &c. to 19, ex- 
cepting 5, 10, and 15, to form 40 every way. 



8. With the numbers 6, 7, 8,'&c. to 24, ex- 
cepting 10, 15, and 20, to form 60 every way. 



9. With the numbers 8, 9, 10, &c. to 23, to 
form 62 every way. 



10. With the numbers 3^ 5, 7> 9, &c. to 
form ■ every way. 



CURIOUS 
ARTTHIHSTZCAI. QUESTIONS 

Requiring regular CcUculation* 



1. AVhat part of 3d. is ^ of 2d. ? 



2^4Mie half of five be seven. 

What part of nine will l)e eleven I 



3» What is the difference, in a commercial 
eontrem, between doubling an expence and 
halving a profit ? 



4. A and B at the same work can earn 40is; 
in 6 days ; A and C can earn 54«. in 9 days ; and 
B and C can earn SOs, in 15 days. What can 
each person earn alone per day > 

5. A snail in getting np a maypole 20 feet 
high, ascended '8 feet every day, and came down 
4 again every night. How long would he be in 
getting to the top of the pole ? 



6. Divide 1000 crowns between A, B, and C. 
Give A 129 more than B, and B 178 fewer 
than C. 



% 
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7. Part 1500 acres of land: Give B 72 more 
than A, and C 112 more than B. 



8. A Cheshire cheese being put into one of 
the scales df a false balance, was found to weigh 
1 6lbs. and when put into the other only 91bs. : 
What is the true weight ? 



9. A company at a tavern spent &. id. and 
each of them had as many fiuthings to pay as 
there were persons in company. How many 
persons were there ? 



10. An Indian gardener being desirous of pre- 
senting a basket of oranges, of a peculiar quality, 
to the nawab, had seven gates to pass before he 
could reach the audience chamber ; at the first 
of which he was obliged to give half the number 
he had to the porter ; at the second^ half what 
remained ; and so on ; when at length coming 
into the presence, of the prince, he found he had 
only one orange left. How many had he at first ? 



11. A in five hours a sum can count, 
Which B can in eleven : 
How much more then is the amount 
They both can count in seven ? 



12. When Gripus died, in sterlmg gold was 
found, 
Left for his family, eight thousand pound. 



jfftrrBMEfncAL auKsrioNs, 
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To be bestowed, as hto last will dicected. 
Which did provide that none should ber 

neglected; 
For to edch son (tfiere being in number^ 

five) 
Three times each daughter's portion he 

did give: . . ; 

His daughters four, were fsach of them to-* 

hpve: ' 
Double the squ^ be to the mother gfkve. 
Now that his wish may justly be fu]^'d, 
What must the widow have, and what 

espb qbild) ^. . 



.13. A gentleman gave to the first of three poor 
persons that he met, half the number of ^lilUngs 
Aat he had about him, and one shilling more$ 
to. the second, half of what remained^ and. two 
shillings more ; and to the third, half what now 
remained, and three shillings more ; after wliich 
he found he had only 1 shilling left* HoW^any 
shillings had he at first ? 



14. The eldest of three sisters having 50 eggs 
to ^spose of, the next 30> and the youngest 10,. 
they so contrived i^ that each of them sokl their 
eggs at the same rate, and.eacfa got the isame sums 
of money for them. How was this done ? 

15. A woman carrying eggs to iutrket, was 

asked how many iibe. had. She reidied, that. 

c2' 
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wUen she eounted tbem by 2*8, there was one 
left ; wbdn by dis, therewas one \ti%\ and when 
by 4*s, there was one left ; but- when sh^ counted 
them. by 5*8,. there were none left; How nsany 

had she ? 



16. A^ B, and C, are to share 1000 acres of 
land in i tlie propolrticm of ^9 ^, and \^ respec-^ 
tively : but C's part being lost by his deaths it is 
required to divide- the whole properly between 
the other two. 



<. 



17* A woman going to market, sells butter att 
a certain rate per lb.; ihe price she received for 
tiie whole wab Sib. ^\d. Required the different 
aiimber of' lbs. she could have, so that by selKng 
each at' a ceriaii^ priee per lb., she might always 
obtliih the,'«ai][ie money ? 



i-' 18«- A {iersoftwent out with a certain numbed 
of g^hieafe about. liim, in order to purchase 
necessaries at different shops : at the fifst he 
expended half the number -he had and half-a- 
guinea more ; at the second, half the reniiain^er, 
,and faalf-a-guihea more; and so on at a third 
and fo'arth ^6^\ at the last of which, haying 
ipaid for his atticle^, h^ found he had laid dut 1^ 
his moAey. How muofh had he at first ? ^ 



19. A pibr woman, carrying a basket of ap^ 
pies, was .met by three boys^ the first of whom 
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bought half of what she had, and then gav^ her 
back 10; the second :boy bought a thud ofvwhdt> 
refliiined/ and gave her back 2; and the third 
bought half of what she had now left, and re^ 
turned herl ; after which she found she had 13 
apples remaining. What number had she at4rst> 



20. What is the least number that can he divi-r 
ded by the nine digits without a reinainder ? : ' 



21. A market-woman bought 120 apples at 2 
a^penny, and 120 miore of another >sort, - at S a 
penny; but not liking her bargain, she mixed 
them together, and sold them - out' again^ at 5 for 
two pence, thinking she should get l;be same 
sttin; but on counting. her money, she. found to 
her surprise, that she; had > lost :4d. Hdw did 
this happen ? : : ., . i 



' 22. The three. Graces 'carrying ;eadh' an equal 
nun^ber of oranges, 'were m^t by.the nineMus^ 
who asked for some. of: them;. and ieach'Grace 
having given to* each Muse the sanle number, it 
was then found that they had all .'equial' shares. 
.How many had the. Graces at first ? . . > 



23. A country womaii cs^rrying eggs to a gar- 
rison wheiie she .had three guards to pass, sold 
at; the first, half the number she had and half ap 
egg fDorq'j, at th^ secbpdy )ialf fif w^fxt re^iained 
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mid half an eggjasore; autf at the thitd, the balfr 
of the rem^der and half an egg more: when: 
she arrived, at the market place^ she had three 
dozen still to sell. How was this possihle without 
breaking any of the eggs ? 



24. To find the wei^ts-with which any num- 
ber, of lbs. from 1 to a. given number, can be 
weighed in the simplest mannec. 



2&« A gentleman employed a brieklayer to 
sink a well .to the depth of 20 yards, and agreed 
to give iiim..j£20 for tl» whole; but the brick* 
layer filing slckj when he had finished the> 8th 
yard, was tmahle to go on with the work. How 
much.was then due to Mm, on a supposition ihat 
the labour inereases in arithmetical proportion 
as the depth? 



26. A laboujcer. received ji2 &« for thrashing 
60 quarters of }grain, viz. wheat and barley ; for 
the wheat he received 12d. per quarter, and for 
the barley fid. How many quarters did he 
thrash of each ? ^ 

^ To be solved independently of the Rule ot Position. 



271 X, T, and' Z in company make one joint 
stock of i^4S262. X's money was in 4 monthil) Y's 
6 months, and Z*s 9. They gained j^420, which 
Was to be^l^vkled as follows, vke. | 6f X^^ gain 
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was to be \ of Y% dnd i of Y's to be | of Z's. 
Quere eacb man's gain and stock ? - 

> Tbis question appears in some Works on Arithmetic^ 
bu^ the answers given are incorrect.. 



28. A &ctor delivers 6 French crowns and 4 
dollars for 53^. 6d,; and at another time, 4 
French crowns and 6 dollars for 49*. lOrf. What 
is the value of each ? 



29. Suppose a dog, a wolf, and a lion were to 
devour a sheep, and that the dog could eat up 
the sheep in one hour, the wolf in | of an hour, 
and the lion in i an hour: now if the lion begins 
to eat I of ah hour before the other two, and 
afterwards all three eat together ; in what time 
will the sheep be devoured ? 



30. There were 25 cobblers, 20 taylors, 18 
weavers, and 12 combers spent 133^. at a meet- 
ing ; to which reckoning 5 cobblers paid as 
much as 4 taylors, 12 taylors paid as much as 
9 weavers, and 6 weavers as much ad 8 comb-* 
ers. IJlOW much did each company pay ? 

31. How many changes may be made in the 
order of words of the following Hexameter verse, 
so that mala may always be the last word but 
two ? 

Mars, mors, sors, lis, vis, styx, pus^^ nox, fcx, 
mala, crux, fraus. 



/- 
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32. Suppose a cow to have a she-calf at the 
age of two years, and then to continue yearly to 
have the like; and every one of her young to 
have a she-calf at the age of two years, and 
afterwards every year likewise. How many would 
spring from the old cow and hei* brood in 20 
years? 



GEOMETRXOAL PUZZXJSS. 



1. Three-fourths of a cross, and a circle com- 
plete, 
Two semicircles a perpendicular meet ; 
Then a triangle set upon two feet, 
Two semicircles, and then a circle com- 
plete. 
The whole, when properly joined^ will exhibit a plant 
possessing extraordinary virtues. 



2. How can the mouth of a square well be 
filled up with three square stones ? 



3. A gentleman purchases a 
piece of land, in the form of a 
square, and incloses one fourth 
part, as is represented in the 
annexed figure, to build a house 
and other conveniences upon. 
He desires to have the remainder of the land 
divided into four equal and similar parts, to be 
api)ropriated to such uses as he may" hereafter 
think suitable. The plan is required. 



■ ' ■■■— ■■ 



4. There is a square piece of land containing 
25 acres, designed for the reception of 24 poor 
men and their governor $ each man is to have a 



y 



f 

f 
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house situate ^ithiu his oWn ground ; the go- 
vernor's in the centre. How many people's land 
must the governor pass through, before he can 
get to the outside of the whole ? 



5. A general had a small army of men, 

Which form'd a long square of just twelve 

times ten. 
But still, without having his number in- 

creas'd^ 
In twelve equal rows he would have them 

placed; 
And just eleven men he would.have in each 

row, 
Himself equidistant from each rpw also ; 
Now how he must place them I gladly 

would know. 



6. Mathematicians affirm that of all bodies 
contained under the same superficies, a sphere 
is the most capacious : But they have neve/ 
considered the amazing capaciousness of a body, 
the name of which is now required, of which it 
may be truly affirmed, that supposing its greatest 
length 9 inches, greatest breadth 4 inches, and 
greatest depth 3 inches, yet under these dimen- 
sions it contains a solid foot ? 



7* How must a board that is 16 inches long 
and 9 inches broad, be cut into two such part^ 
a% when joined together, shall form a square ? 



^ 
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' '8. A master joiner gives to one of his' men a 
plank^ lO'feet long and 2 fe'bt tride, to be mad^ 
into a square table ; but the pitak not to be cut 
into more thai! five pieces. The man, unskilled 
in Geometry, wishes to know how this must be 
-done. 



is. A person wants to have two oval stools, of 
equal size, sawn out of a circular board, and to 
have holes made in them to take them up by. 
It is required to shew how this must be done, 
without any waste in the wood except what is 
occasioned by the saw. ' v 



10. To form one square mtcyjlve equal squares. 



1 1 . Divide a circle into 4' equal parts by three 
lines of equal length. 



12. A shijp at sea is found to lealt on account 
of a square hole in the bottom, a side' of which 
measures 6 inches; and the * carpenter having 
only a rectangular "board 9 inches long, and 4 
inches wide, would be .glad to be informed how 
hcf must cut it into two parts, so that, when pro- 
perly joined, they may exactly fill up the hole. 



13* It is required to cut e^ch of two equal 
s(|aaFes into two such parts, that when the four 
parts rare properly |(Hned together, thev shtdl 
make a square. 
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14« A carpet measures 20 feet by 10 feet, and 
is to cover a floor (of the same area) measuring 
15 feet by 13 feet 4 inches. How must this be 
done, by cutting the carpet only into two pieces ? 



15. Cut two squares, one of which is double 
the size of tlie other, into four such pieces,' as, 
when properly joined, shall form three-fourths 
of a square. 

Note. To have one square double the size of aDother, 
the side of the latter must be equal to the diagonal of the 
former. 



16. In a solid piece of wood let there be made 
three holes, one of them square, 'Another circular, 
and the third triangular,^ and let the side of the 
first, the diameter of the second, and the base 
and perpendicular (measured from the vertex to 
the middle of the base) of the last,t each measure 
the same. It is required to describe the form of 
one piece of wood, &c, that will exactly fill each 
of the three holes. 



17* A lady has a square dressing table, each 
side of which is 30 iqches, but wishes to have it 
enlarged by the application of 6 squai*e feet of 

* To state merely tlie forms' of the three hofes is not 
sufficient, their relative dimensions must likewise be given ; 
as it will be found that with no other dimensions could 
Che problem be possible. t The triangle must also be 
equal-legged. 
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plank to it, so that each side may he a foot longer. 
It is required to shew how this must he done. 



18. Out of six equal squares, make 
three-fourths of a square similar to the 
annexed figure. 




19. To draw a line that shall continually ap* 
proach a given straight line; and if both should 
be ever , so &r produced (still continuing to 
approach) their nearest distance frcnn each other 
shall become less than any assignable quantity 
whatever, but yet they shall manifestly never 
meet ; which it is here required to shew. 



20. * Cut out 15 pieces of pasteboard^ &c. of 
the form of the annexed figures. 

^Though the pieces in the key correspond in size with 
the above^ yet it is tot necessary for that to be the 
case : if they are considered too tmall to be cut out for 
real amusement^ larger pieces may be made^ observing 
that: 

1. With regard to the triangles^ they are all to be 
equal-legged^ right-angled^ and the legs of each equal 
to the hypothenuse of next last pi^ceding. 

2. Th€t length of the rectangle must be equal to the 
. hyp. of triangle 3^ and the breadth- equal the hyp. of 

triangle 1. 

3. Fig. 6, breadth ah or de?=:leg of triangle 1 ; aji=z. 
twice that leg, and/e= thrice ditto. It may alio be pb« 
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Fig. 

1 nuirked 1 4 triangles of equal size 



i.e[^ 



2 marked 2 1 triangle twice as lai^tf 

as fig. 1 




3 marked 3 4 triangles each twice 

as large as fig. 2 



4 marked 4 1 tritogle as large 

as fig. 3 



5 marked 5 . 1 rectangle as large 

as fig. 4 





•6 marked 6 2 book - like cp^ 

pieces^ each 
as large oi 



fig. 5 



3 
o 



& 



/l- 



7 marked 7 1 hook-like piece 

as large as fig. 
, 6, with the 

addition x>{ fig. 
1. at the side. 



e 




served^ that aM tpe pieces t^g^ther eo<KSiat oi 72 triffligks 
each t4 the dse off triangie 1. . 



.J 
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Fig. 

Smacked 8 1 hook-like piece a$ 

large as fig. 7, with 
the addition of fig. 
Lat the side. 



8 



By employing the whole of the above pieces, 
|t is required taform a square. 



21. With all the a!;>ove pieces to form a right- 
angled triangle. 



22. With all the above pieces to form a paral- 
lelogram. 



23. With all the above pieces to form a rhom* 
bold. 



24. With all the ^ above pieces to form a tra- 
pezoid. 



25. With all the above pieces to form three 
right-angled triangles, one of which shall be 
equal in surface and> form to the remaining two. 



26. With all the above pieces to form three ' 
4iquares. 



27- With all the above pieces Jio form a rec- 
tangle and a rhomboid, of the same base an^J 

altitude. 

d2 
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28. With one sweep of the compasses^ .and 
without altering the opening, or changing th« 
centre, to describe an oval. 



29. To make the same body pass through a 
muare liole, a round hole, and an oval hole. 



SO A has a field 500 poles in circumference, 
which is square ; B has one of the same circum- 
ference, which is an oblong; and proposes to A 
an exchange. Ought the latter, to accept the 
offer? 



31. A green-grocer purchased, for a certain 
sum, as many heads of asparagus as could be 
contained in a string a foot in length; being 
desirous to purchase double that quantity, he 
returned next day to the market, with a string of 
twice the length, and offered 'double the price 
of the former quantity, for as many as it would 
contain. Was his offer reasonable ? 



32. To describe a circle, or any determinate 
arc of a circle, without knowing the centre, 
and without the compasses. 



33. To find by a simple, accurate, and direct 
method, with the compasses anfy, the centre of 
a circle which shall pass . through thrjee given 
points. 
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34. It is xequired to divide a circle into any 
proposed number of parts, that shall be in any 
ratio to each other. - 



35. Whatever angle any two right lines can 
possibly form that meet with each other; a 
third line may nevertheless be drawn in such 
a manner as to be perpendicular to them both. 



36. To make a triangle that shall have three 
right angles. 



37. To find the linear expressions for the 
sq. r. of 2, 3, &c. to 10. 



• 38. To inscribe a square in a given citcle, by 
means of the compasses only, supposing the 
centre to be known. 



39. To inscribe a dodecagon in a given circle, 
with the compasses onlj/y supposing the centre to 
be known. 



40. To find a right line nearly equal to the 
circumference of a given circle. 



41. To find a right line nearly, equal to | of 
the circumference of a given circle, without^rs^ 
finding the whole circumference. 



i 
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42. Find 4ihe ceotre af a gi^ea 4B(piare by 
ifieans of the compass^ oa^. 



43. Bisect a given straight line by means of 
the compass^ <m/y. 

M. inscribe a regular pentagon in a givea 
circle, by means-of thecoppfisses only. 



\ 



TBBE8 PLANTED nTROWCk 



L Your aid I want| nine trees to plant 
In rows jufithalf a.score $ 
And let there be in each row tbree^ 
Solve this : I ask. no more. 



2. Fain would I plpnt a grove in rows^ 
But bow must I its form compose 

With three trees in each row ; 
To have as many. rx>ws.aB trees; 
Now tell me, aiiJstB^ if you please; 

Tis all I want to know. 



i^B^tt 



3. Ingenious artists, if you please 
To plant a grove, pray show. 
In twenty-three rows with fifteen trees. 
And three in every row. 



! 



4. It is required to plant 17 trees in 24 rows, 
and to have 3 trees in every row. 



&' Ingenious artists, pray dispose 

Twenty^fottr trees in twenty>»four rows. 
Tlwee trees VA have in every row ; 
A pond in midst Fd have also. * 
A plan thereof I fain would have. 
And therefore your assistance crave. 
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6. Fam'd arborists, display your power. 
And show how I may plant a bower 

With verdant fir and yew 5 
Twelve trees of each I would dispose, 
In only eight-and-twenty rows ; 

Four trees in each to view. 



7. Plant 27 trees in 15 rows, 5 in a row. 



9 
* 



8. Ingenious artists, if you please, 
Now plant me five-and-twenty trees. 
In twenty-eight rows, nor less, nor more ; 
In some rows five, some three, some four. 



9. It is required to plant 90 trees in 10 rows, 
with lO^trees in each row; each tree equidistant 
fi*om the other, also each row equidistant from 
a pond in the centre. 

10. A gentleman has a quadrangular irregular 
piece of groimd, in which he is desirous of plant- 
ing a quincunx, in ^uch a manner, that all the 
rows of trees, whether transversal or diagonal, 
shall be right lines. How must this be done ? 

Note. A real quincunx is a plantation of trees disposed 
in a square^ consisting of five trees^ one at each corner^ 
and the fifth in the middle ; but ia the present caise^ the 
trees are to be disposed in a quadrangle^ one at each 
comer (as in the square^) and the -fifth at the point of 
intersection of the two diagonals. 



GEOGRAPHICAL PARADOXES. 

1. There are two remarkable places on the 
globe of the earth, in which there is only one 
day and one night throughout the whole year. 



( 
I 



2. There are some places on the earth, in which 
it is neither day nor night, at a certain time of the 
year,, for the space of 24 hours* . 



« 



3. There is a certain place on the globe, of a 
considerably southern latitude, that has both the 
greatest tind least degree of longitude. 



4. There are three remarkable places on the 
globe, that dilfer in latitude, as well as in longi- 
tude; and yet, all of them lie under the JBame 
meridian. 



5. There are three remarkable places on the 
continent of Europe, that lie under three differ- 
ent meridians; and yet, all agree in both latitude 
^nd longitude. ,, 



6. There are two remarkable places belonging 
to Asia, that lie under the same meridian, at a 
small distance from each other^; and yet^ their 



* 
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respective inha1]^itants, in reckoning their time, 
differ an' entire natural day every week. 



7. There is a particular place on the earth, 
where the winds (though frequently veering 
round the compass) always blow from the north 
point. 



8. There is a certain island in the j£geah sea, 
upon which^ if two tihildreh were bonr at the 
same instant of time, and living together for seve^ 
ral years, should bolh die on the same day; or 
even at the same hour and minute of the-day; 
yet, the life of the 6ne'\vould surpass that of the 
other sev€»*al months. 



9. There is a certain hill in the south of Bohe<», 
mia, on the top of which, if an equinoctial sun- 
dial be duly erected, a man that is completely 
blind, may know'the hour of the' day by the same, 
if iMIf sun shines. 

10. There are divers places on the continent of 
Africa, and the islands of Sumatra, and Borneo, 
where a certaiti kind of sun-dial being duly fixed, 
the gnomon will cast no^^ shadow at certain pe- 
riods during the year : and yn^ the exact time of 
the day may be known thereby. 



1 1 , There is a certain island in the vast Athmtic 
ocean, which being descried by a ship at i^ea, and 
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bearing due ea»t off the said ship, at twelve 
leagues distance by estimation; the true coiuise 
for touching upon the said island, is to steer six 
leagues due east, and as many due west. 

12. There are divers remarkable places upon 
the Terraqueous Globe, the sensible horizon of 
which is commonly fair and serene : -and yet, it is 
impossible to distinguish properly in it, any of the 
intermediate points of the compass, or even so 
much as two of the four cardinals themselves. 



( 

I 



13. There is a certain island in the Baltic Sea, 
to the inhabitants of which, the sun is visible in 
the morning before he 'rises, and In the evening 
after he sets. 



14. There is a certain village in the kingdom 
of Naples, situated in a very low valley j and yet 
the sun is nearer to the inhabitants thereof, every 
noon by 3000 miles and upiyards, than \^mMgixe 
either rises or sets to those of the said villag< 



15. There is a certain village in the south pf 
. ^ Great Britain, to, the inhabitants of which, the 
sun is less visible, about the winter Solstice, 
than to those who^^lside upon the island of Ice- 
land. 



16* There is a remarkable place on the earth, 
#f a considerably southern latitude, from the 
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meridiaii of whidh, the. sun does not remove for 
ne^eFftl days at a certain time of the year. 

VJ. There is a certain place on the earth, of a 
considerably nolffiiem latitude, where, though 
the days and nights (even when shortest) consist 
of several hours, yet, in that place it is mid-day 
or noon every quarter of an hour. 



18. There is a very remarkable place upon the 
Terraqueous Globe, where all the planets, not- 
withstanding their different motions and. various 
aspect, always bear upon one and the same point 
of the compass. 

19. There is a certain n6ted part of the earth, 
where the sun and moon, although at the time 
of full moon, may both happen to rise at the same 
moment of time, and upon the same point of the 




20. There is a remarkable river oh the conti- 
. nent of Europe, over which there is a bridge, of 

such a breadth, that inore than 3000 men may 
pass abreast, along the same, without any incon- 
venience. ^^ 

21. There is a certain city in the southern 
part of China, the inhabitants of which observe 
the same manner of walkmg as the Europeans; 
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•nd ye% they frequeatly appear to strangers as^ 
if they walked on their heads. 



22. Th^re are three places on the continent of 
Europe, each distant from the g|hers 1000 mlles^ 
and yet, there is a fourth place so situated, in 
respect of the other three, that a man may travel 
on foot, irom it to any one of the former places^ 
in one Artificial Day, at a certain time of the 
year, and that without any hurry or fatigae. 



» 



23. There are three places on the continent of 
lilurope, that lie under the same meridian, at such 
a. distance, that the latitude of the third exceeds 
that of the second, as much as theMatitude of the 
second exceeds that of the first; and yet, the 
true distance of the first and third, • from the 
second or intermediate place, may not be the^ 
same by many miles* 



24. There are two places on the contindpr ot 
Europe, so situated, that although the f<^her 
lies elist of the latter, yet the latter is not west of 
the former. 



25. There is a certain place in Greiat Britain^ 
where the stars aiHialways visible at any time of 
the day, provided the sky be not overcast with, 
clouds. 



26. It may be shown by the Terrestrial Globe,. 
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that a person may sail ia 24 hours from the river 
Thames in England, to the city of Messina in 
Sicily, at a certain time of the year ; provided 
there be a brisk 'noi*th wind, a light frigate, and 
an azimuth compbss, , 



27* There are two places on the earth which 
bear exactly north and south of each other, and 
their distance is 100 miles, but the true- course 
to one of these jplaces^from the other, is to sail 
50 miles due north, and 50 mites due south. 



28. There are two places «ituated in the Torrid 
Zone, that are not, more than 60 miles asunder; 
but if a ship sail from one to the other, on one 
particular point of the compass, the difference 
of time between these places will be found to be 
more than 23 hours. 



29. There are three remarkable places on the 
Terraqueous Globe, to the inhabitants of which 
all the stars are visible, on three certain nights of 
the year. 



30. It ^ may be demonstrated by the globe, 
that the Sun, Moon, and several of the Planets, 
do not move exactly 16 defrees hourly, from 
the meridian of several places on the continent 
of America, but co^e later to their meridians, 
than the preceding day. 



'»v. 



[ 
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31. There are certain places in north, lati- 
tude, where the longest Arttfieial Day, is longer 
by some hours, than that, in the same degree 
of south latitude. 

■■ .- ^ 

32. There is a eertain^ island in Europe, for 
which, in four or fwe particular montfis of the 
yaar, if the ablest astronomers would calculate 
the Moon's rising, they would not only differ in 
minutes- and seconds, > but whole hours;. 



33. Two travellers arriying at a certain place' 
on the glot)e, found, that, although the Sun. 
was shining, their shadows disappeared; bui;^ 
proceeding some miles farther, 'observed that 
their shadows circuited all *paints of the comr 
pass. * 



34.. There are certain places on die earth, to» 
which j if you bring a Mariner's Compass, ever 
so well touched and rectified^, the Needle be- 
comes useless, for it will turn indifferently, to 
any point of the compass, though neither iron- 
nor loadstone be near. 



3&« There is a certain place where the Planets 

may be seen constantly moving forward, in the 

same r^ular and uniform manner; though, to 

most .places of the earth, .tbey appear- at the 

same time to be stationai^, retrograde, or to 

move very unequally* 

b2 



36. There are certaki planets said to be in 
'Conjunction with the Sun, not only :when they 
appear in the same degree of their orbit willi 
the Sun, but when they are in that degree of 
their orbit, dianmtrically opposite to the former. 



37. There are sundry places, wliich when cold^ 
est, are much hotter than any part of the Tor- 
rid Zone, and yet, not a homifig mouivftam; 
and, there are other places, which, wlien hot- 
test, are much colder than the Frigid Zone. 

— ; 

38. Ther^ is a cerjtaia wall in th^ city of Dub- 
lin, the situation of which is due east and west; 
yet, the Sun wiH shine on the north ^ide thereof 
before six in the eyening, all the summer, attd 
on the south side, before six in the morning. 



39. Thei^ are three distinct places on the 
earth, all differing both in longitude aqd lati- 
tude, and distan|; from each other 2000 miles; 
and yet, they all bear upon one and the same 
point of the cpmpass. 



40. To several parts of this globe, there are 
certain planets, which are so far from coming 
to an opposition, that they form neither Trine, 
Sqiiare, nor Sextile Aspect with the Sun. 



41. There is a certain place in Great Britain,. 
:svhere, when the tide is in, the sheep may be 
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s«een feeding on a oertaib neighbouriQg.isUind; 
yet, wben iShe tide is out, 9nd the water at the 
lowest, not one can be seen, though they be 
feeding there at the same instant. 



i42« 'Hiene are tea |itaces on the earth, distant 
^m one another 300 miles, and upwards; and 
yet, none of them hav^ either latitude or lon- 
gitude. 



T^ 



43. There is a certcmi island, situated between 
England and France; and yet, that island is 
farther from France than £ngland is. 



44. 'Hiere are ten places, all under the same 
iperidian, exactly ten miles from each other; 
and yet, their situation is such, that it is impos- 
sible for them all to be equidistant; 



45 There are several places on the globe, 
where the Sun is frequently upon the same point 
of tho compass, both in. the forenoon and after- 
noon. 



46. There is a certain place upon the globe 
of the earth, where, if 72 men were placed 
together in a small circle, with their faces out- 
ward, (the^ centre of which circle must necessa- 
rily be behind every one of them,) and, if every 
man was io travel straight forward, they would 
all go due north; and, if they were to c<»ntinue 
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traYelling, on that point of the oompa»y they 
would, after having gone about 5400 miles^, be 
placed in a certain circle sideways, SOO miles* 
distant from one another > the' centre of which 
circle would be directly under the feet of every 
man ; and, if thdy went about 5400 miles^ more, 
they would all meet agmi in another circle, 
with their faces inward, the centre of which 
circle would then be befoi'e them; and this. 
Without turning their bodies round about. 



47 Christians the week's first day for sab-"^ 

bath hold, 

The Jews the se^enih^ as they did of old. 

The Turks the sixth^, as we have oft 

been told. 

Hew can these three, in the «ame place, 
and day. 

Have each his own true sabbath; tell, I 

pray. 



48. I have twelve times seen Bissextile; 
Pray tell how that can be. 
Since twelve times four make forty-eight, 
And I'm but forty-three. ' 



49. My wife and I did disagree, 

Resolv'd at last to part were we : 
She set off east, and I steer'd west, 
(Believe me this is not a jest,) 

* Geographical Miles. 






"^ 



\ 



51. . One day, I saw the sun arise, 
I'm sure I saw him set likewise : 
But, wbnderfiil — that day 
I vouch again he rose; and then 
Beneath th' horizon went : explain 
How this could be, I pray. 



52. There is a large and spacious plain, in a 
certain country in Asia, capable of containing 
600,000 men, drawn up in battle array; but, if 
they were brought thither, and then drawn up, 
it would be impossible for more than one man to 
stand uprfght. 



^ Ml'JX 



GEOGRAPHICAL pJmIADOXES. t 45 

• • ■ • , " - » 

When each had gone miles fifty-thtoe. 

She was not fifty yards fi:om me; ♦ 

And though it was such stormy weather. 

We traveird all that time together. 

How can this be, pray clear the doubt, ^^^ 

And let us know the dijST'rent rout. 

* * * 

50. I thrash'd ten quarters of fine wheat, 
I ate just thirty pounds of meat ; 
Besides a calf that treigh'd eight stone, 
I ate the whole, picked every bone : 
Yet more — mysdf to satisfy, y^ 

Ate three roast pigs, which made me dry; 
Drank sixteen pints of cherry brandy^ 
Hien ate five pounds of sugar candy. 
All this I did — all in one day: 
Tis true, I tell you, what I say. 



*^ 



!• 



^•Al 



■l 
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53. There is a cert^n European city^ tbe houses 
of which are built withjfirm stone, and mostly high 
and strong ; and yet, tlie walls are neither parallel 
to each other, nor perpendiculai: to the plane on 
which they stand; 

54. It is a matter of factjitlhat three certain tra- 
vellers went on a journey, in which their b^^s 
travelled full twelve yards more than their feet; 
and yet, they all returned alive with their heads on. 



55. There is a certain Yimous church, in 
England, which is situated in such a remarkable ^ 
manner, that when a man has travelled 80, 90, 
or 100 miles regularly, he shall foe neither nearer 
to it, nor farther from it^ than when he first set 
out. 



56. There are several trapte of land^ very il€ar 
London, each of which is not above 30 fe^t over, 
measured any way ; and yet, a horse may travel 
on either of them, very regularly, 30 miles per 
day. But their situation is sucbi that, whilst the 
right, or oif legs of the horse, pass over 30 miles, 
his left, or near legs (next to which the driver 
generally goes,) will unavoidably pass over neatly 
31 miles, the horse being all the time sound, and 
in just proportion. 



57. There are thirteen places on the continenk 
of Europe, the nearest distance of Which being 



%it 
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just one mile, they are all equidistant^ as you pass 
regularly from one to another; and yet, not more 
than two of them are in a right line. 



58. A certain mount in Devonshire doth stand. 
Whose lofty hegji overlooks the neighbour- 

ing land ; 
And such is the known property of th' hill,, 
That if a vessel you with liquor fill 
At the hill top, or vertex of the place. 
It will hold less than if filled at the b&se. 

m 

Ingenious youths ! be pleased to tell to me, 
What is the cause of this deficiency ? 



59; Two fav'rite fields near to my dwelling lie, 
Their soil alike in depth and quality. 
The furthest distant, twenty acres mea- 



sures. 



Tlie nearest ten; but fraught with latent 

treasures : 
For, tiird alike, this yields me as much 

grain 
As does the first, though just as large again. 



60. There is a certain fire, which affords the 
inoi*e heat the fiirther it is from us, and the less 
heat the nearer it is to us. 
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1. MILLIO. 



3. SSIX/- -jlXr ^S/- 
From S. IX .( t«»ke I x J then 1 1 ^ wairemaio 

^ 2X2' ^ "" P ^T' ^*'**^ ^®°"*® *' ^' 
•nd 2 re^ctively, the common ratio being 2. 

5. IIK 
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6. Suppose two widows, A and B^ not akin, 
to be left eacli with a son, and that A's son 
marries B^ and B'^sop marries A; and that A's 
son has a son by B. Where B's son is the person 
that leaves the money. 

Then to his 

Father, ) . . x.. (^on, Ci^left666 13 a 

Mother, P^^"*??*'"^ daughter,} 666 13 3 

GJrandion, ^ #» W ^l)roth*, { 606 13 3 



^1999 19 9 



7. The man must first take over the goose ; 
then return, and take over the fox, and bring 
back th£ goose; then, leaving the goose, he 
must carry over the com ; after which he must 
return and take the goose over. 



8. The number shown by the master is 29997, 
which is 9999x3. Now, if every -figure, in 
each row of the master's, be made a complement 
to 9 of the scholars' row, it is evident that the 
sum will be equal to the number ^proposed. 

Thus : supposie the scholars write dowi| three 
rows, as follpws : 7285 '\ 

5829 >The scholars' rows 
3456J 

Tlien we shall 1??J^1^ ' : 

1 ^ > 4170 > The ma3ter's rows 

***^^ J 6543 J 



Total 29997 The number proposed. 



!^: 
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9. The greatest varidtf that can be in the 
ifiifliber of hslird^ Is eqtid to the greatest number 
that any person has : tiz.one person having but 
ohe^ another two, another tbree^ and so on ta 
the greatest number; but as^ by the supposition, 
ther^ ai'e stiU ' more persons,^ whatever numb^ 
they may have, some one of the precedicfg must 
have 4lie same.- Hence the {nroposition b ma- 
nifest. ' 



10. 9 8765 432! 

128456789 



), 



$6410 75 32 

. Ill ' iii II 



11. As there are- in all H)| bottles of wine, 
and 21 footdes, eadh peisonf must have 9i bottles 
of whie (i. d 7 bottles half fiiU) and'7 bottles. 

^ Bottks-ftiU. Half Mi. Enptj. 



Tberefer*^ the 1st mnst hsy^ 


.3. 


1 


3 


. 3«4 


3 


1 


a 


3»d 


1 


-A. 


1 


Or thtis,' the M tffay hare 


.•■2 ' 


3 


2 


— 2nd 


2 


3 


•2 


- 3rd 


8 


1 


3 



12. Suppose each of the 8 loaves to be divided 

into- three eilual parts^ making- 24 (parts) and 

that each person eacsran equal share or 8 parts. 

Itien the stranger -mttst eat 7 ps^ of the itian's 

who contributed -5 loaves or id parts, and only 

tp3 
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1 part of his who oontributed 3 loaves of 9 pajrts* 
From whence it appears that the sentenoe was 
jusU 



.]3k First, two women must pass overj then 
QOe of them must^ bring back the boat| and 
repass with the third woman; then one of the 
diree women must bring back the boat, and stay 
with her husband, whilst the other two men 
pass over to their wives ; then one of these men 
with his wife must bring back the hoat, and^^ she 
remaining, be must take over die other man. 
Lastly, the woman who is found. with the three 
men, must return with die boat^ and at twice 
take over the other two women. 



14 Out of the 8 pint jar fill the 5, ai^ out 
of the 5 fill ^e 3; then 3 pints are left in the 
Bi and 2 in the 5, Empty the 3 pint jar into 
the 8, and it will have 6 in it ; then empty the 
5 (which had two in it) into the 3. Lastly, fill 
the 5 out of the 8 (which had 6 in it) and 1 
win be left m the 8, then out of the 6 fill the 
3 (which had 2 in it) and the 5 will have 4 in 
i(^ fis was/equired. 



, 16. The half of tiv^ve will seven be, 

^ Cut tb]x>ugh the middle as^you sep, XIL 



M \ » 



] 16,, I^^ce .the .first 30 nui^i^bers, yiz. 1, 2j 3, ^, 
(ia,tl)^ir;nal^^ or^^r) in a ring <fv xowf aii^ 



mm 
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I 

t0 count M ly ntftke a rnark^ by way 
qi distiiiclion, oter. evary 9^A number, (passing 
over those already marked) till tbere be 15 marks, 
which will denote the places where the Turks 
are to stand : 'then it will be found that the 
Ist is to be over the 9th man 
2Dd 9+9 = I8th 

3rd 18+9 27 

*4th (27+9)— 30 6 
6th ,6+9+1 le,"^*!, viz. the 9th 
6th .16+9+1 .26, 1, ditto 18th 
7th (26+9+2)--30 7, > 2, 27th, 6tb, 

8th 7+9+3 19, 2 &C.&C. 

9tb 19+9+2 30, .2 
1(W» 9+3 i2, 3 . ' 

11th 12+9+3 24, 3 
12tb (24+9+5)— 30 ^5 
13th 8+9+& .23, 6 '. 

14tli (22+9+4)— 30. 5, 4 
l&th 5+9+9 23, 9 

that is, ia the natural order of number?, Ae 5tb, 
6th, 7tb, 8th, 9tb, 12th, 16th„ 18th, 19tb, 32nd, 
23rd, 24th, 26tfa, 27th, 30tb must be Turks. 
.From, which it appears, that, if C denote the 
Christians, and T the Turks, they ought to be 
placed as under : 
CCCCTTTTTCCTCCGTCTTCCTTTCTTCCT. 

\ 

^ It must be t^idiut mt fiie excess above 30 will 
denote the place of tber4t& man, asEMewitee of the 7tb^ 
IS^i.aad Mtb^'also, that as: many as baye been previa 
oiuly reekoDf d| so many laoie than ^ must be reckoned 
the next time. 
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9^ Suppose the five vawefcc» a, e, I, o^ iod 
11, lo denote tbe numben 1,' % 3, 4/ and S» 
respectively, then it will be found that the vowels 
in either of the following verses will denote the 
number of each that must be placed together, 
begimiing with the Christians* 

1. From num-bers, aid, and art, 
Ne-ver will fame de-part. 

. 2. In the Latin Hexameter : 
Po-pu-le-am Tir-gara marter re-gi-na fe-re-bat. 



17. 6*6 +f 



18. 2 + 4 + 6 + '8=12'8. 
1 +3 + 7+ f= 12-8. 

19. f + i + -5 + -3+ 7 + 6 + 9= 17 
* + i+ 3+5 + 6 + 7+9 = 31. 



20* Two-thirds of SIX= IX or 9, 

One-fifth of SEVEN ±= V or 6. 
and 9 X 5 =s45, the number requireil. 



21. One gentleman must pass over the river 
with bis servant, and the former must return with 
the boat; then two servants must pass over, and 
one of them return with the boat. Next, the two 
ffflM^Iepieii mwt pass Qver,.aiid one of thevi must 
iretiun with (i servant. Laslly, the two g^illeHMii 
must pass over, and the s^rvan^ who &st tfossed 
must return with the boat, aiid^ at twice, take 
over the other two servants. 
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<f2. Fint Aitr»i>g«neDt SspMid Amngwpqirt.. 

6 6 6 4 10 A 

6 6 10 10 

6 6 6 4 10 4 

TUgi Amngewent. 

« 9 8 
2 2 

•8 3 8 



mm^mmmmmmmtm 






: 24. One-third of TWELVE is LV or 55, 

biie.fifth ofSEVEN is V or 6; 
and 55, divided by 5,- gives 11. 



95. The four figures are- 8868, which being 
divided by a line drawn Unrough the* middle, 
become $$§§, the sum of which is eight O's, or 
nothing. 



26; A moved 200 yards backward with his fiice 
towards B% and B moved 200 yards forward 
with his face towards A's. 



27* Invert the figure 6, 9nd It will become 9, 
and wiile the figure 3 in the ten's place, and it 
will become 30; to which add the remaining/ 
digits, viz, 1, 2, 4, d,'7> 9 aiMl 9, and the sum 
wifi* be 75; from whicb take 60, aiid there 
remains 25, wfaidi is ji^ot 75; 
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28. Suppose the following sets of figures sre 
given to cheose firom : viz, 

364851 

234765 

823644 
wfaich are all divistl^le by 9 without a remainder, 
though the person must not be told so; and sup* 
pose he chooses the third litie^ and multiplies it 
by 6, the product will likewise be divisible by 9 
without a remainder. Now. supposing h.e .sap- 
presses the 6, then the sum of the remaining 
digits is 30^ which contains three 9's and 3 over; 
which 3, wants 6 to make up 9, and therefore 
6 was the figure suppressed. 

\Vhen the sum of the digits, remaining after 
the suppressicm of a .figure, is divisible by 9 
without a remainder, then the figure suppressed 
mtist be either 9 or 0. 



29. • ^^"t Amuigeiiiont. Second Amngemeiit* 

4 14 3 3 3 

aOPersoQi 1 1 34Penen8 «3 .3 

4 14 3 3 3 

* 

Third Arrangement. Fourth Arruigemeiit. 

2 6 2 17 1 

^Penow 6 5 ^Penoiu 7 7 

2 5 2 171 



. 30. If the .given figures be turned upMe 
do^n, they will become 990^ the third part «f 
which, viz: 330, is half of 660. 
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S9 



31. One-balf of FIVE is IV, take away I, 
and V or 5 remain. 



32. First Amngement. 

17 1 

7 7 . 
17 1 

Third ArrangeineBt. 

3 3 3 
3 3 

3 3 3 



Secoad ImageBMnt. 
2 5 2 
i5 5 

2 5 2 

Cdurth Atnmgement. 

4 14 
1 1 

4 14 



imv 



33. 



2 2 — 1 



2 



»«+« 



2*+* 2 2_^- 2 

denoting f , f , 2 and 8 respectively, Uie common 
?atio being 4. 



34. The person was bom in a Bissextile year| 
on the 29th of February. 



a 

35. Half of IX, when cut through the middle, 
is IV; and half of FIVE is also ^V; and the 
quotient resulting from dividing the former by 
the latter Us evidently I. 



36. In the first case, suppose that 
each cell contained 3 nuiis, then there 3 3 3 
would be 9 in each row, and 24 in all; 3 3 
and the arrangement would be as is 3 3 3 
represented opposite. 



V 
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/ In Ae second cuae, when the 4 men 
came in, suppose that 1 of them went 
mto each comer cell, and that 2 uuns 
remoTed: from thence to each of the 2 & 2 
middle celb; if so, each comer cell 5 5 
would contain 1 person fewer than be^ 2 5 2 
fore, and each middle cell 2 more, and 
the arrangement would be at is repre- 
sented opposite; 

In the last case^ when 4 men were 
gone, and 4 nuns with them, each 
comer cell would contain 'I~ nun more 4 14 
than in'tfire first case, and each mid(He 1 1 
cell 2 fewer, and the -arrangement 4 14 
would be "as is i^resented oj^iosite.* 



37* Put down the series of odd numbers frou^ 
1 to 100, thus: 1, a, 5, 7, 9, 11, 13, 15, 17, 
19, 21, is, 25, 27, 29, 31, 33, 35, 37, 39, 4l, 
43, 46, 47, 49, 51,. 53^.55^ 57, 59, 61, 63, 65, 
67, 6&, 71, 73, 75, 77, 79, 81, 83^ 85, 87, 89, 

91, ^, 96, 97, 99. 

1. Count all Che terms of the series from the 
number 3 by threes, rejecting* every third num- 
ber following, and thus all the multiplesf of 3 
will be exterminated. 

.*Tbe.puiabers r€J^ted> may^ by way of distinction^, 
b^Te a ipt placed over tbem. 

t A multiple of any number is .the product of that 
number by some other whole number. 
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2. The next. imrgected number after 5 being 
7, reject it, and its square 49, and every 7^* * 
figure following (if not r^ec^ed before,) and then 
all the multiples of 7 will be exterminated. 

In, the present case, it will be found, Chat all 
the multiples are rejected, and that those num- 
bers which have not dots over them, are all the 
prime numbers, except the number 2, frooi \ to 
\Q0^ viz: 1, 3, 5, 7, 11, 13, 17, ^9, 23, 29, 
31, 37, 41, 43, 47; 53, 5^, 61, 67, 71, 73, 79, 
8S, 89, "97.' \ ■ . '"\ ; . . 

Prom the above, it appears, that if we con- 
tinue the expunctious, till the square of the first 
uncancelled number, next to that whose mi^lti- 
ples have last been rejipctfed, is greater 4ban the 
last and gresitest number to which the series is 
extended; the numbers which then remain iuire- 
jected, are all the primes, except the number 
% which occur in the natiu*al progression- of 
numbers from 1 to the limit of theories. 

This operation. Dr. Horsley imagines to b« 
the (me pei-formed by *« The Sieve of ERASTOS- 
THENES." 



38. 123456789 

8 



987654312 



39. The arrangement is so simple, that it 
seem^ unnecessary to give the solution; the 
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question would be more difficult -if one-fifth or 
one-half of the men were to be selected. 



40. 3 , ,8x3 

^ 3 * denoting ^, I 

3x3 3 

and 3 respectively. 



41. If the nine digits be placed in their natural 
order, viz : 1234567B9 ; and then be multiplied 
separatdy by 8, 7> ^9 4, and 2, the respective 
products will still consist of the nine digits^ but 
not in the natural order. 



^•3 3 3x3 3^ 3^x3 



> « 



3' + ' 3^X3 3^ 3X3 3 

3^x3x3 denoting -^> ^> 3" 3, 27, and 
243 respectively, the common ratio being 9. 



43. 3 3 3X3 



gS^gS 3x3x3x3 3x3x3 

3x3x3 3x3x3x3 3^X3^' 

_, . 1 , ^ denot- 



3x3 3 3 

ing 243" 27' 3" ^' ^' ^°^ ^^ respectively^ 
the. common ratio being 9. 
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> 45. The number is 987654321, 

which multiplied by 8, produces 7901234568 

7 6913580247 

5 4938271605 

4 3960617284 

2 1975308642 



46. 



>» " > ^ ^ P 



1 9 40 

2 8 30 

3 7 20 

4 6 10 

5 & 

If it were required to find the product of 9 times 8: 

In the To the To* 

middle. Tb the right. ^ left. tal. 

AgiundC '9 & 8 are 40 & 30z=: 70 / and 1 k 2=i2'y 72. 
Of8time8 6: 8& 6 aredO& 10=405 and2&4=85 48^ 
and so on. 

To find the square of any number in tlie middle 

row, as of 9. 

Against 9 fin the"i 40 on the right and 1 on the left 
9-{ middle >40 1 

V stands J — — 

80 1 Total 81. 
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To find the square of 7. 
Against 7 stand 20 and 3 
7 20 3 

40 9; Total 49. 
and 80 on. 



47* The whole aitifice consists in making 
choice of the numbers 1, 12, 23, 34, &c.; a 
series in Arithmetical Progression, the first term 
of which is I, the common difference 11, and 
the last term 100. 

Suppose the first person makes choice of I ; 
then his adversary, as he must count less than 
11, can at most but reach 11, by adding 10 to it. 
The first will then take 1, which makes 12 ; and 
whatever number the second may add, the^r*^ 
will always win, provided he continually add the 
number which forms the complement of that of his 
adversary to 11 ; i, e. if the latter say, and 8 
make so much, he must add 3. 

By this method he will in&Uibly attain to 89 ; 
and il^ will be impossible for the second to pre- 
vent him from getting first to 100. For, whatever 
number the second takes, he can attain at most 
to only 99 ; ^ after which, the first may say, and 1 
makes 100. If the second took 1 af^r 89, it 

m 

would make 90 ; and his adversary would finish 
by saying, and 10 make 100. 



48. From a number consisting of as many nines 
as there are digits in the smallest number, sub- 
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I 

tract the smallest. Let anptjbier person add diat 
difiereace to the largest numl^er^ ;^d then taking 
away die first figure of the amount, let him add 
it to the k^t ^gure, a^d thajt si^pat wUl I^ the 
difierence of t)ie two numbers. 

For example: Matthew, who i^ ^^^ tejk 
Henry, who is older^ that \xq can discover the 
difference of their ^es ; y^^ there^e privately 
dedi|c^ 22 from 99, and the d^reaice i^hirh is 
77 p be teUs.Henry to add to his i^^, ^i^d to take 
away the first %ure from the aidounjt, an^ add 
it to the last figure, and tl^ last sjum w$ be t^ 
difference of their s^ges ; a$ t)ii^ : 
The difference between Matthew's j^f ^nd I^h 

99 is . • . . y^ 

To which Hefiry adding his age . 36 

The sum is . . . .112 

T^ke away the S^t^t figure, and this i^ecopies I^ 
Add the fijcst figwi;^ .. ,1 

The sum is . . • . 13 

The difference of their ages; to which add Voo 

Matthew's age ... J 

TJbe sum i§ Henry's age . . . 36 



49. The nun^ber is 123456789^ which 

divided by 2 gives 61728394 -5 
6 24691367-8 

The sum of which is 86419752 • 3 

All which numbers contain just the nine digits. 

g2 
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50. The numbers offered must be divisible by 
9 without a remainder; and when any two of 
them are added together, there must be no cipher 
in the amount : and the figures of that amount 
must make either 9 or 18. Siich are the num- 
bers following; 36, 63, 81, 117, 126, 162, 207, 
226, 252, 261, 306, 315, 360, and 432. 

Tliese numbers may be written on pasteboard, 
&c. ; ami when any two of them are added toge- 
ther, if a figure be struck out of the sum, it will 
be that whicfi would make the other figures 
either 9 or 18. For example : 

If a person choose 126 and 252, their sum will 
be 378, .fix)m which, suppose he strikes out the 
7, then the remaining figures 3 and 8 make 11, 
which to become 18 must have 7 added to it. 



61. As there ai*e in all 12 casks of wine, and 
24 casks, it is evident that each person must have 
4 casks of wine, (i. e. 8 half-casks) and 8 casks. 

casks full, half full, empty. 




faerefore, tbe let must lia 


ve3 


2 


3 


2nd 


3 


2 


3 


3rd 


2 


4 


2 


Or thus: the 1st' 


2 


-4 

4 


2 


- 2nd 


2 


4 


a 


3rd 


4 





4 


Or thus: the 1st 


1 


6 


1 


2Dd 


3 


2 


3 


3rd 


4 





4 
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52. Out of the 12 pint bottle fill the 5 pint 
bottle, a^d 7 pints will remain in the former; 
then empty the 5 into the 7- Again, ant of the 12 
(which had 7 in it) fill the 5, and 2 will remain in 
the 12 ; then outof the & fill the 7 (which had 5 in 
it) and 3 will be left in the 5. Empt; the 7 into 
the 12 (which had 2 in it) and there will be 9 in it; 
then empty the 5 (which had 3 in it) into the 7* 
Out of the 12 (which had 9 in it) fill the 5, then 
4 will remain in it ; and firom the 5 fill the 7? 
(which had 3 in it) and 1 will be left in the 
5. Empty the 7 into the 12, (which had 4 in it) 
and there will be 11 in it; also empty the 5 
(which had 1 in it) into the 7* Lastly, out of the 
12 (which had IMn it) fill the 5> and there will 6 
remain in it; and out of the 5 fill the 7 (which 
liad 1 in it) and it will also contain 6, as was 
required. 






v 



'A KEY TO THE 
MAGZC SQUARES. 



I. 



2 


•9 


4 


7 

6 

1 ... 


d 


3 


1 


8. 



L Three Bows. 



Or thus : 
placing the 

vertical 
rows late* 
raljy. 



2 


7 


6 


9 


5 


1 


4 


3 


8 



2. 



9 
16 


14 
12 


13 

8 
15 


11 


10 



This and t^e following onesniay 
be varied as above. 



3. 



6 

22 
8 


14' 
12 


16 
2 


10 


18 



4. 



17 
24 

19 


22 
20 
18 


21 
16 
23 



,\ w 



v\ 
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V 



6. 



6. 



7. 



8. 



128- 


1 


32 
64 

2 


4 


16 
256 



IL Four Rqws. 





















1 


10 


7 


16 




1 


15 


14 


4 


15 


8 


9 


2 


• • 

09 

-3 


12 


6 


7 


' 5 


14 
4 


5 
11 


12 
6 


3 

1 1 


O 


8 
13 


10 


^ 


13 


3 



1 


18 


17 

8 


4 
11 

6 
19 


14 


7 


9 
16 


12 
3 


13 
2 



^ \. 



6 
19 
14 
21 


23 
12 
17 

8 


22 
13 

18 
7 


9 

16 
11 
24 



4 



X 



/ 



70 
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8 
19 
15 
20 


22 


21 


11 
16 
12 


13 
17 
10 


14 

18 


9 


23 



10. 



3 


3i 


29 


9 


25 


13 


15 


19 


17 


21 


23 


11 


27 


7 


5 


33 



Which make 72 every 



way. 



,* * 



It •*•-" 



A KEY 



TO THE CCBiOUS 



AltlTHBIfiTICAL QUXSTEONS 

t 

Requiring regular CalctilatUm, 



'OOkO< 



1. i of 2d. =1 of Id. = i o(3d. 



2. As7: i II 11: H^fl; which = tU of 9< 



3. Suppose the expense and the profit to be 
the same, and each =2; then double the expense 
=1 4, and half the profit = 1, and therefore the 
difference is 3, and the ratio of the former to 
the latter is as 4 to 1. 



4. First, find what A and B together, A and 
C together, and B and C together , can severally 
earn in 1 day. 

Thus: A and B =¥ = &• ^d.j A and C = V = 
6s, ; and B and C = fi^ = 5*. 4d* j theft the sum 
of the Uvo first s. d. 

gives2A + B+C= 12 8 
subtract B -1^6=: 5 4 



there remains 2 A =7 

then A =3 

llence A cao earn , 3 

B - - - - 3 

C - - - - 2 



4 

8 

8 per day. 



4 



* 



/ 
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5. Since he gained 4 feet in height every day 
and night, he will have advanced 12 feet in 3 
days \ and tha'efore in 4 days he will reach the 
top. 



6. First, A is to have 129 

C . - - 178Lnaore than B. 

Sum, 307 
Then 1000— 30 7 _ 231"== B*s 

231 + 129 = 360 =fc A's^^^^^®' 
and 231+178 = 409 = C's. 



/7. First, Bis to have 72 

C 72+112 -184(^^^ than A. 

Sum, 256 
Then 150^256 ^^^^^^,^1 

414|+ 72=5 4861 = B'3>^*'"^- 
aad 486ff 112= 598| = C'sj 



8. Tfae trae weight is a mean" proportional 
l)etween the two false oi>es, and is found by 
extracting the square root of their product. 

Thus 16X9=144 5 anA sq .r. 144=12* »5. the 
vreight required. 



9, First 65. i(/.= 289 farthings; and this must 
be equal to the number of persons multiplied into 
the sum spent by each. In the present case, the 



f 



iDii]i4p1^paiid 9pd <;fae mi|ltiplier arq egua), a^ 
t^er^%ve we have oiily to fia4 what nuxpber 
multiplied into, itsdf, wiS produce the given 
sum, 289; or, in other words, to find the square 
ro«)t of 299 i this =17, th*? number of persons. 
Whe^Qce l7 farthiAgs or ^id. is the Jnouey spent 
by e^ph. 



■ w ■ 



IQ* It is evident that at th^ last ^ate he had 

2 orai)ges; 
and th^r^l^re at the sixth - 4 

at the fifth - 8 
at the fourth - 16 
at the third •* 33 
ait the seeond r 64 
at the firat - 128 
whicli is the number* requiii^d. 



11. lu I hQi^r A, can count i Y^f.u^ ^,^ 
Ditto 3 i. |ofthe^m 

■^ I>llto A and fi tcf ether ^ '4^^^^ there^ 

fore in 7 days they will count !l2iI^U?^ 2- 

- 55 55 55 

^ttms ;' am) 2»^V*-^1^3:l-sV» th^ angler. 



■1 ■ ■ ! ' 



12, -Widonfr'iap^rt 1 
4 Dliu^ws? 8 
$.Sctts^ '-,. 30 .. , , 

' Swnij 3» : 8060 : :1 : 206 :2:6i 



re 

'i 



^ 



H 



i^^ 
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the widow's share; thisdouUed, gives jf 41 0:&'l ^ 
for each daughter's share ; and this trebled^ gives 
^€"1230:15:417 for each son's share. 



IS. It is evident that before he gave to the 
last person, he had 8^.; and this 8s. was 4s, less 
than what he gave the second person : he there- 
fore gave him 12^.; and consequently before this 
he had 20^., and this was 2s. less than* what he 
gave to the first person; he therefore gave the 
first 22«.; consequently 20+22=^, the number 
of shillings he had at first. 



14. They each sold their eggs as long as they 
could in pennyworths, at 7' for a penny, and 
the remaining ones at 3d, per egg ; thus : d. d, 
the eldest sold 49 at 7 per pc^nny, and had 7 \\c^ 

1 alSrf. ^ ^ . - -3j 
the second sold 28 at 7 per penny, and had 41 

2at3a. - . . - -63 
the youngest sold 7 a* 7 per penny, and had 1 1 jn 

3 at 3rf. - - - . 93 



15. The least number that can bcT divided by .2^ 
3, and 4 respectively, without a remainder, is 
12; and, that there may be 1 remaining, the 
number must be 13; but this is nks^ divisible by 
5 without a remainder. The next ^reat^ num- 
ber is 24, to which add Yy and it becomes 25 ; 
this is divisible' by 5 without a reinainder, and is 
therefore the number required. 



I 
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16. Since C-s share falls in, we have only to 
divide the original number of- acres between A 
and B, in the proportion of ^ to ^ or of 4 to 3 ; 

Thus, 4+3 = 7:|l000{i^^71^ t:^ ^J""' 

17. First, 2^. 2|rf= 105 farthings, which will 
divide by 1, 3,5, 7, 15, 21 and 35, without any 
remainder. So that 

lb. farjMngs: 



105 at 
35 at 
21 at 

« 15 at 



3 
5 or 

7 or 



7 at 15 or 
5 at 21 or 
3 at 35 or 
1 at 105 or 2^. 2|(2. 



. H^' per lb. all answer the 
1 i^\ f conditions of th6 ques- 
.3|d. tiou. 
5|rf. 
8id. 



18. It is evident that he went into the 4th shop 
with 1 guinea ; whence, with 1| x 2 == 3 guineas 
at tl^e third shop ; and with 3{ x 2 = 7 guineas 
at the 2nd shop ; therefore 7i X 2 =? 15, the 
guineas he had at first. 



19. From the 12 remainipg, deduct 1, and 11 
is the number she sold the last boy, which wa9 
half she had; her number at that time therefore 
was 22. From 22 deduct 2, and the remaining ' 
20 was i of her prior stock, which was therefore 
30. . 
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From 30 idedtic« 10, and die reHiainder SO is 
half ber original etoek ; coo^eqmntly she liad at 
first 40 apples. 



30. A mukiple of 9 is a multiple of 3 

6 - - 4and2 
BandS^ or 73...6. 

Tlierefore 5 x 7 K 8 X 9 st= 2520, is the number 

required. 



21. On the first view of the question, there does 
not appear to be any loss ( for, if it be suppoiaed 
that, in selling 5 apples fot 2d. she gave 3 of the 
IJttter sort (vi%. those at 3 a penny) ^nd 2 of the 
former (viz. those at 2 a p^nny) she irould receive 
just the same money as she bought them for; but 
this will not hold throughout the whole, for 
(admitting that she sells them as above) it inttst be 
evident that the latter stock would, be exhausted 
Jirsij and consequently, she must dell as many of 
the former as i^emlaitied overplus, at 5 for 2rf. 
which *e bought at the fate of 2 a penny, or 4 
for 2d. and Would therefore lose. 

* 

It will be readily found, fhaty when she had Sold 
all the latter sort (in the above manner) she would 
have sold only 80 of the former, iFor there a¥e as 
many3's in 120, as2's in dO; then the remaining; 
40 must be sold at 5 for 2d. which ivere bought 
^t the rate of 4 for 2d. 
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A. d. A. d. ■ 
i. e. If 4 : 2 : : 40 : 20^ prime cost of 40 of the fiist sort. 

5 : 2 : : 40 : 16, selling price of ditto. 



Ad, loss. 



22. Hie least number that will answer this 
question is 12 ; for if we suppose that each Grace 
gave one to each Muse, the latter would each have 
3^ and there woiild remain 3 for each Grace. 

Note. Any multiple of 12 will answer the conditions 
of the question. „ 



23. It would appear on the first view, that this 
problem is impossible; as it cannot be supposed 
that half an egg can be sold without breaking any. 
But it must, be considered, that by taking the 
greater half of an odd number, we take the exact 
half+|. It will be found, therefore, that the 
woman, before she passed the last guai*d, had 73 
eggs remaining ; for, by selling 37 of them at tli^t 
guard, which is the half ^ |, she would have 36 
remaining. Iq like manner, before' she came to 
^the second guard she had 147 > and before she 
came to the first 295. 



24. In order to solve this problem, we have 
only to find a series of numbers beginning with 
1 ; which added to, or subtracted from, each other, 
in every way possible, shall form all the num- 
bers, from' unity to the i^umber proposed. 

h2 



^V. 
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It may be solved two ways : 

1. By addition alone. Here the weights may 
be expressed by a series of numbers in double 
progression. 

For example, with weights of 1, 2, 4, 8, and 
l&lbs. any number of lbs. from 1 to 31 may be 
weighed. 

For with 2 and 1, we may weigh 31bs. 

4 and 1 - - "- 5 

4 and 2 - - - 6 

4, 2, and I - - 7 

&c. &c. 

2. By addition combined with subtraction. 
Here the weights may be expressed by a iseries 
of numbers in triple progression. 

For example: with weights of 1, 3, 9, 27, and 
SXlbs. all weights from I to 121 may bc^ weighed: 
For with the two first, by putting 3/4*. in one 
scale and \lb. in the other, 2lbs. are weighed; 
by putting both in the same scale, Albs, are 
weighed ; by putting 9lb$. in on side, and 
three in the other, Qlbs. are weighed, and so on. 

From this it appears, that it is not necessary 
to employ so many weights as in the first case ; 
and it will be found that in no other progression 
are so few weights required ; and on the other 
hand, it may be inferred, that, in order to weigh 
the greatest possible number of lbs. from one to 
any given number, the weights lib, 3lbs. 9lbs. 
&c. in triple progression must be employed. 



4 
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It must be acknowledged that 1^ former method is 
not so simple as the latter^ but it is given in cider to 
form the comparison^ and thence to show the superiority 
of the latter. 



2S. Since the labour is supposed to increase in 
A. P. as the depth, the price must increase in 
A. P. also. Hence, we have to divide j^O or 
400 shillings into 20 terms in A. P. and then to 
find the sum of the first 8 of them, which will 
be what is due to the bricklayer. But this will 
depend upon the first term, or price received 
for the first yard. Therefore, in order to give 
a definite solution, suppose some fixed price for 
the first yard, for example 5^.: Now, we 
have the first term, the number of terms, : and 
the sum of all the series in an A. P. to find the 
comnion difierence : this, by the rule given in 
*Vyse's Arithmetic (Arithmetical Progression, 
prop. 8) is l-J; and by prop. 7 of the same, 
the sum of the first 8 terms of this progression 
is 8i|^, or .<^4 4s. 2|iV^. which is the sum 
required. 

26. If GOq. : £2 8s: : : Iq. : 9|rf. the mean 
price per quarter. 

rl2-^ Si 
9i< ) Then 6 : 60 : : 3| : 36y. of 

L 6--^ 2| wheat, and 60— 36= 24y. 
6 of barley. 

^That author is particularly referred to> as he has 



p 

} 

r 
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27. Their gains being evidently as 2, 3, and 4, 
we have 

£ «. d. Mimths 

2 r^= 93:6:8, X»8gainin4 

As 2+3+4=9 : 420 : : 3< 140:0:0, Y's . . 6 

4 15|2=:186:13:4 Z's .. 9 

Then find each of their gains for the same 
time, » 

Thus : '^ -5- 4 = 'I = ^, X's gain in' 1 month 

140^6 = f=^-, Y's 

^^9= -r,z's. 

Which numbers are as 630, 630, and 560, or 

(dividing each by 70j) as 9, 9, and 8. 

Whence " fo . 1475!, X's Stock. 



9+9+8 = 26.: 4262 

vft .. 15111 

13> 



{9 : 1475i, X's S 
9 : 1475i, Y's , 
8 : 1311,^, Z's. 



28. Add the two sums together, and we shall 
have 10 crowns and 10 dollars =: 1035. 4d.; hence 

1 crown and 1 dollar = IO5. 4d. Multiply this by 
6, and 6 crowns and 6 dollars =^5.; from which 
take 6 crowns and 4 dollars, and there remain 

2 dollars = 8s. 6d.; hence 1 dollar = 4^. 3d and 
consequently 1 crown = lOs. 4d. — 4^, 3d. =s 
6s, Id. 



29. First, if in f an hour, the lion could eat 

given the former proposition in question^ whereas^ some 
writers on Arithmetic have omitted it. 



2 * 1 

1 : 1 



the sbeqp), in | of w boor, he waoiA «at }, tod 
consequently i would be left. N^t, find what 
part each of them could «Bt in 1 hour: thus 

If 4 : 1 : : 1 : 2 the lioti could eat in hour 

1 : If the wolf • 

1 i 1 the dog. 
Thfe-«umis 44^ Of y; then if all together could 
«tiil I' In otte hour, find in what lime they could 

s. h. ■. h. 

eattheremaining |: thus^ 'f s 1 : x | : ^^ to which 
^d ^ h (the time the lion ate before they all began) 

Jl |n sec 

and the sum is ^ ==i I7 6873 *^ ^^^^ required. 

30. By the question 5 cobblers, 4 t^ylors, 3 
weavers, and 4 combers all paid alike, therefore 

1 Cobbler paid ^ pait> and consequently 25 paid 5 
1 Tailor . i . . - 

1 Weaver - 4- - - - 

1 Comber - J - - - 

Firtf. * t. Farta, s. 

Then 19 : 133 : 5 : 35^ the cobblers paid 

5 : 35^ the tailors 
* 6 : 42^ the weavers 
3 : 21^ the combers. 




81. As the word mala iis still to retain the 
same place, and there are 12 words in the 
whole, we have to change the situations of II 
of them m every way pos^ble ; which, by the 
rules of permutation, may be done 



82 A KBT TO IrITHXSTICAL QtTBStiOlfS. 

1X2X3X4X5X6X7X8X9X10X11=39916800 
different ways. . 



32. From the nature of the. question, it ap- 
peal's that the increase in the fii^t year will be 0, 
in the second 1, in the third I. in. the fourth 2. 
in the fifth 3, in the sixth 5, and so on to 20 
years or terms (each being = the sum ojf the two 
next preceding ones;) whence the two last 
terms are 2584 and 4181, and the sum of them 
all (or the whdle series)=r2x4181+2584— !» 
10945, the increase required. . 



A KEY TO THE 
OEOBIBnuCAL PU^ZUS. 



1. TOBACCO. 



2. Let abed (plate, L Jig. l.J reprint the 
well; then the figures markedly 1^ Iv 1^ and 
2, 2, 2y 2y of the form of a frame^ are the two 
first square stones ; and the square marked 3^ in 
the middle, is the third square stone. 



3. See plate I. ^g. 2. 



4. Two : for the ground being square, it will 
consist ot 5 rows (each 5 acres) as in plate I. 
fig. 3. 



p ■ ■ * 

, 5. The men must be placed in the periphery 

of a regular dodecagon, 9 along each side, and 

1 at each comer; and the general must be in the 

centre. 



6. A shoe.. 



7. See plate I. Jig* 4, No. 1. .Divide the 
length into four equal parts, and the breadth into 
3, and draw &e lines, joining the points of divi- 
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sioDj as in the figure; then the dark line abcdef. 
is the direction ii> which the bDafd must be cut ; 
and by transferring a to the place of c, as in^^. 
4, No. % the required square will immediately 
be formed. 



'8. Let plate I. ^g. 6, No. 1, represent the 
plank. Cut it into four equal triangular pieces 
marked a^ &, c, d, t he bo fl co of each measuring 4 
feeit, and the height 2 feet; learing a piece 
Qoark^ < in the middle^ 2 feet square^ Then by 
i^pplying fliese pieces^ 9» \% i^reseuted by fig. 5^ 
iVb, 2, the table is formed ag was required. 



9. Let abcdi {plaieJL fig^ 6, No. i.) represent 
the board, e being the i^nti!^./ Draw any two 
diameters a c and b d perpendicular to each other. 
With the same centre «, and nidius half that of 
the board/ describe ^e circle marked 5, 6, 7> B, 
(the outer circle being marked 1, 2, 3, 4). Then, 
cut the board in the. direction of the lines de- 
"scribed vmofK it^ ai|d fipply Ih^ j«f pecttive pieces^ 
as exhibited in /^« 6^ i(o, 2 and 3, . and then two 
pvals will b^ forpfid^ wM^ bolod. in &e middle^ 
as was required. . j 



10. Let A B C D {plate 1, fig. 7, 3&u 1) be-lhe 

square. 

^ Dr^if|lin.ep fmp ^ t<> d;ie .tiiddle of BD. . 

B, T .. n , . CD 

D . . AC 



U* ^ t 



then tibe square wiU be divided into 4 equal 
triaDgtes, marked a, a, a^ a^ and 4 eqmd trape« 
zinms^ markeid ff, b, b, b, apd the square c- in the 
^iiddle. Apply ato bja^is represented in ^g. 7» 
Ko. 2, and 4 squares will be formed, which, with 
the middle square Cj will present fit equal square^ 
as was r^iiired. ;^«^ 

11. Draw AB a diameter; of the given circle, 
Cpiute I, >^. 8^ . and divide it into 4 equal parts, 
at the points .a, £, c. On Aa^ Ab, and Ac, aa 
diameters, describe semicircles on one side of the 
diameter AB ; and on Be, Bb, and Ba, describe 
semicircles on the other side of the diameter. 

Then the corresponding semicircles joiningy 
as is represented in the figure, form the lines 
AaB, AbB, and AcB,. which will divide the 
diameter and area of the circle, as was required« 

If the diameter and area were to be divided into any 
other number of equal parts ; first divide the diameter 
into the required number^ and tbep proceed as above. 

12. See plate I, ^. 9. Divide the lejpgthlnto 
3 equal parts, a^id the breadth into 2, and df avt^ 
the lines joining the points of division, as in the 
figure ; then the dark line abc dis the direction 
in which the board must be cut; and, by tran3-: 
ferring a to the place of c, a square board will 
immediately be formed of the size requu*ed. 

13; Cut each of the squares through the two 

opposite corners, and then their diagonals will 

form the sides of the required square; but the 

1 
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application of the pieces is too simple to require 
elucidation. 

14. Let plate I. /^. W, No. 1, represent the 
carpet ; divide the length into 4 equal parts, and 
the breadth into 3, and draw the lines joining 
the points of division as in the figure; then the 
dark line a b c def is the direction in which the 
carpet must be cut; and, by transferring a to 
the place of c, as in fig. 10, A^o. 2, a carpet will 
be formed of the djmensions required. 

15. Cut each of the given squares (plate U, 
fig. .11, Nos. 1 and 2) diagonally into the four 
triangles marked «,«; A, A. Then, by, applying 
them^ as is represented in J%w 11, No. 3, we shall 
have three-rfourths of a square of the form .required. 

16. The piece of wood, &c. must be in the 
form of a wedge, except that' its base must be a 
circle, instead of a parallelogram. 

17. As each side of the table is to be increased 
12 inches, ii is evident that if rectangular pieces 
of wood, 6 inches broad, be made to surround it, 
as is represented in plate 11. fig. 12, the table 
will be of the size required. 

In order to prove the same : 
.30 X 80 as 900 Sq. In. the content of the original table 
6x6x4= 144 " " ' ^ comers added 

30x6x4=^720 - - 4 sides ditto 

1764 - - required table 

33cr42 X 42, as it ought to^ b^. ^ 



/ 
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It will likewise be found that the total of tfae^ 
contents of the four sides and comers is 864 sq. 
inches, or 6 sq. feet, as per question. * 



18. Cut each of the six squares diagofially, 
and twelve triangles will be formed; then, by 
applying these as is represented in plate II. fig. 
13, we shall have three-fcurths of a square of 
the form required. 



19. Let AB (plate Ih fig. \A) be the given 
Uqe: divide it into any number of equal parts; 
for example 6, viz ; Al, 12, 23, &c. Through 
A, draw a line aP (of any length) perpendicular 
to AB. F«am P, through the points of division 1^ 
2, 3, &c. draw Pb, Pc, Pd, &c.; and ipake.lb,2c, 
3d, &c. each equal to Aa. Then the line *«;5 
^ drawn with a steady hand, from ay through £, e, 
&c. is the line required* 

From mere inspecticn, the least distances of 
the lines AB and q^fi'om' each other, represented 
/by the several perpendiculars bg, ch, di, ek, and/e . 
(meetmg AB produced,) appear to continually 
decrease, especially near the commencement; but 
; it must be proved, first, that they really decrease, 
and then, that (although they continually approach) 
they vfiXVnot meet. 

By the construction, the angle at-^ is a right 
angle, and therefore {Euclid I. 32.) the sum 
of the angles 

* The line a/* is a cwrve called the '^ Conchoid of 
KicoMEDEs/* andAB i^ii^ttsymptote. 
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AP 1 and' A IP 1 erf ti^ r P A I V must be a rigbt 
AP2 and A2P J triangles \ PA2 3 . angle, 
^. (ice. &c. 

and therefore a constant quantity ; hence the 
greater, one of those triangles is, the t^s ihwt 
its complement be. Now, the greatef" side, of 
every trlltngl^ is opposite the greater dngle 
(Euclid h 18.) therefore the an^te at P must 
increase, as the opposite side Al> A2, and A3, 
&c. increases ; whence, on the other hand, AIP, 
A2P, ASP, &c. must continually decrease. Again, 
if two straight lines cut one another, the oppo- 
site angles shall be etiusll (Euc. 1. 15 ;^ titierefore 
the angle A 1 P is equal to the angle b I B, oAd 
A2P to c2B, &c. ; whence the angles A 1 P, 
A2P, &c. (being eiqual to the former) mitet ftlso 
cotitinuttUy decrease; ilnd, therefore, the sides 
opposite, viz. : bl^ c 3, &t. must likewise con»- 
tintially decrease. Q. E. D» 

From the kbove, it must be evident, that^ l)6w 
fai* soever AB is produced (so that the two linte 
cdiitiniially approach) and the idivision eontii&ued^ 
and lines dra\Vn as befdre; the per^iehdieulars of 
the ti*iangle formed as itbove would still continu- 
ally decrease i but as the hypothemis^ Which is 
a cotistituent part of every triaingle, must, by 
the construction, still exist, and r^maiti of tfefe 
same letigth as Aa^ the'triangle itself must ^xist, 
and consequently its perpendicular i afad th^:«fore 
the two lines cannot meet. 



20. See plate //. fig. 16. 
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21. See plate 11. fig. 16. 



22. See plaie 11. fig. VJ. 



23. See plaie IL fig- 18. 



24. See pUUe II. fig. 19. 



25. See J»?a/c ///. ^Jg. 20. Nos. 1, 2 and 3. 



26. See plate III. Jig. 21, Nos. 1, 2 awd 3. 



97. See plate III. fig. 22, Nos. 1 awe/ 2. 



28. On a plane surface, the solution of the pro* 
blem would be impracticable, but on a curved 
surface it may be easily done. Fold a sheet of 
paper round a cylinder, and with. a pair of com- 
passes describe a circle upon it, assuming any 
point as a centre ; then, when the paper is un- 
foldied^ and extended on a plane surface, an 
^oval will be presented, the shortest diameter of 
which will be in the direction corresponding 
with the axis of the cylinder.. 



29. Take a piece of wo6d &c., in the form of 
a rightf cylinder, having the diameter of its 

♦The oval must not be confounded with the ellijpse : 
the lattei^ has no part of the curve of a circle in its 
composition ; but, being described on two points, called 
its foci, it is continually xarying, 

+ Bya light cylinder, is meant one that, is upright 

i2 
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base, and the altitude, equal ; then, if it be cut 
through its axis, the section will be a square; if 
cut through a plane perpencHeiilar to the ttsas 
(or parallel to the base,) the section will be a 
circle; and, if cut obliquely to the axis, the sec- 
tion will be an ovah Then, making three holes 
in a piece of wood, pasteboard, &c., the first 
equal in size to the above square ; the second to 
the ch'cle, and the third to the oval; it is evident 
that the cylinder may be made just to pass 
through the first of these hdes, hi a dh'ectiou 
perpendicular to its axis; through the second in 
the direction of its axis ; dnd, through the third, 
when situated in the proper degree of obliquity. 



a« 



30. In Simpson's Geometfy% it is detnoKlstrated 
that, of all rigbt-rraed figuiifts comtftified under the 
same perimetei^, and number oFifeides, the great- 
est IS when the sides afe equal. Vtcnh thb it 
maybe inferred, that the ecMitetrt cf B*» field is, 
less tlrnn that of A's, and therefore the latter 
ought not to accept th6 offer. 

And, farthef, the greater the inequality that 
exists between the sides of the -oblong, tlie less 
will be its content, atid the greater would be the 
loss sustained by A tvere he ta etdiange. ' 

31. A circle that has its circumference double 

when standing on it» base ; if not upright^ it is exiled an 
johlique cylinder. 

X Maxima aud MkiHBa df GtiOittetHtfti ^uAiTtitiet^ 
Tbeorem 10th. 
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that of anotb^, has its dkimeter doiible also; 
and, «B cirdei9 mce to one another as th^ squares 
o£ their dlametens (Enclid x& 2,) it foik)ws/ that 
a eirete harhig its diameter double that of aoo* 
tlMir, nmsft have its mrea four times that of aao« 
their* Therefore, the man ou^bt to have offered 
four l^m^s the former price; consequently his 
offer was not reasonable* 



M****l 



^ 33, Let Ay C, B be three points in the required 
circle or arc (plate III. fig. 23.J Draw the 
lines AC5 CB9 and make an angle equal to ACB 
of any soHd substance, and 6x two pegs in A and 
B;. then, by making the sides of the determinate 
angle slide between these pegs, tte vertex (being 
fufidshed with a fepike or pencil,) as it rerolves 
between A and B, wHl trace out the required arc. 

If another angle of the like kind were construct^ 
ed, forming the «applemetit of ACB to two right 
angles, and if It were made to revolre with its sides 
always touching the points A and B, but with its 
rerteic in a dtrectioti oppofsife to C, it would de- 
'seribe the o^A«/* segment of the circle, which, with 
the arc ACB, would makeup the ttf hole circle. 

Thit i^tfvfe cMistrdciion tvideaidy depends upan Euclid^ 
III. 21 s .^z, *'Tht «nf les ki. tlie siLitie pegiaent of a cir- 
cle are e(|ual to ojae ftootb^..** 



WW 



38» See piet^ie III. fig. 24. Suppose A^ B, and 
C, the tliree given points^ With the centre A, 
•lid. radius AB^ de^pribe aa at*c ; and With ^enti^ 
4 and radius BG^ ^lescribe a^atb^^ tnterseoiing 
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the fonner in D. With the centre B, and radii 
BA, BD, describe arcs AGH and EF; on the 
latter of which make the chord or distance EP^s 
BC. From E and F, with any radius, greater 
than the difference of AB and EB, and less than 
their sum (about the midway between these 
limits is best in practice,) describe arcs cutting 
AGH in'the points G, H. Lastly, from A and C, 
as centres, with radius = chord GH, describe 
arcs intersecting in I, and I will^be the centre 
sought. 

For tbe demonstratioa^ see the Genikmah's Diary for 
1 S06> horn which work the problem is taken. 



34. See plate III. fig. 25. Draw the dian\e- 
ter AB, whic^i divide into as many parts at the 
points, D, C &c. and in the same ratio as those 
proposed ; then, on the several distances of these 
points from the two ends A and B, as diameters, 
describe the alternate semicircles on the different 
sides of the whole diameter AB, and they will 
divide the whole circle in the manner proposed; 
i. e. the spaces TV, RS, PQ, will be as the lines 
AD, 6C, CB. 

35. A right line perpendicular to the plane of 
the two given lines, at the point of Uieir con- 
course, will be perpendicular to them both. 



36. Tliat this cannot be a plane triangle must 
be evident from Euclid I. 32 ; it must therefore 
be spherical, and may be easily described thus: 
From any point A, as a centre (plate III. fig 26J 
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with any distance, describe' sin drc B€; and frotB 
B> with the same distance describe an are AC:; 
liftstly, from C, with still the saxde distance, de* 
soi^ibe the arc AB j then bdl equilateral spherical 
triangle will be formed, having each of the three 
angles 90**, as was required. 



$7. Se^ plate III. Jig. 37. With toy distance 
AB, as a radius, and centre B, describe a circle^ 
in which inflect AB four times frodi A, to C, Ji, 
£ and F. From the points A and E, with the 
distance AD describe arcs intersecting each other 
in G and H. And from the points D and F, with 
the same distance AD, describe arcs. intej*sectiQg 
in I. Prom the points A and £^ with the dis- 
tance BG, describe arcs intersecting the cir<^Um- 
ference of the circle srt K. Lastly, from the 
points A and K, with the distance AB^ describe 
arcs ihterdeeting in L. Then, supposing AB to 
be 1 ; the distance 

AK = sq.n2 



AD = 


- 


3 




AE^ 


Jm 


4b: 


2 


IK =i= 




5 




KQ = 


•i 


6 




IC ^ 


• 


7 




GHs: 


- 


8 




lA :^ 


- 


9 = 


3 


IL = 


- 


10. 




1 is too long 


for aw 


roi 



38. As the radius of a circle is equal to the 
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side of the inscribed hexagon ; from any point A 
in the circumference of the given circle^ fphUe 
HI. fig. 28^ the centre of which is O, apply the 
radius three times rounds to the point B, the first 
point of division being at C. With the centres 
A and B, and the distance BC, describe arcs 
intersecting each other in D; the distance DO is 
the side of the square sought, which apply 4 
times round the circle from A to E, B, F, and 
A^ and it is d6ne. 

DemonstrcUum. Conceive lines to be drawn 
from A to C, D, E and B respectively, also from D 
: to O through E ; then, since twice the square of 
the side of a square is equal to that of its diago- 
nal : we have to prove that 20D2 :== AJB^. . 

First : OD2 = AD2 — AO^ = BCat — AC^, 
(since AD = BC, and AC = AO = J AB by the 
construction;) and, as ACB is manifestly a senii- 
circle, and the angle ACB in it a right angle 
(Euclid, III, 31,j BC2 = AB2 ^ AC3 = 3 AC^; 
. • . OD2 = (BC3 — AC2) =t 2 AC«, and 20D2 
=:4AC« = 2AB.2 Q.E.D. 

In. order to render this problem, and the next 
still more curious; suppose the centre of the 
circle not to be known* Then, by ^suming any 
three points in the circumference, the centre of 
the circle (passing through them) may be foupd 
by problem 33. 

39. Using the same construction as in the last 
problem, the distance' CE (plate IIL fig* 2S) 
yfiW be a side of the dodecagon sought. 
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I>emonstrati(m. By tbe solution to the last 
problem, the arc AE divides the. whole circle 
into 4 equal parts, and the arc AC divides it into 
6; therefore tlie difference of these arcs, viz. 
CE,. must be i circumference — i circumference, 
= ^, circumference. Q. E. D. 



40. In the circle inscribe a square; then thrice 
the diameter of the circle, added to i of the side 
of the square will give the circumference very 
nearly. 

Demonstration. Since twice the square of the, 
side of a square is equal to that of the diagonal ; 
we have (supposing the diameter of the circle, or 
diagonal of the square = 1)-| sq. r. 2 for the side 
«of the square, -* of which is 4 sq.r. 2 or . 1*4142, 
to which add thrice the diameter, or 3; the sum 
is 3.14142, which is, within about the 18,000th 
part, equal to the circumference of a circle, th6 
diameter of which is 1. 



41. Let BADC (plate III. fig. W) be the 
given circle, of which AC is the diameter, and 
AB the quadrant. Make the chords AE, ED, 
DC, each equal to the radius. Draw DB, EF 
intersecting the diameter in the points G and F; 
then BG+FG, or BF+FG = arc AB very nearly; 

Demonstration. Drawing DO, EO, the angle 
DOE (by the construction 60°) = double the an- 
gle at B (Euclid, III..20,; .-. the angle at B =30^; 
bisect this by the line BO, which will also bisect 
the base GF> and we have the angle OBF ^= 15*4 



* 
\ 



V 
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As OB is the rddi\)8 of th^ circle, OP must be 
the tangent to an arc of Id"*, and BF, the secant; 
henoe we have only to show that the secant of 
15*+ twice tangent of 15^ (to radius 1) == J of 
circumference 9f the circle {to radiifs 1) very 
nearly. 

By Dr. Hutton's Tables, the natural secant 
of 15<^ = 1.0352762, and the n^t^ral tangent = 
*2679492 ; ty^iee this, added to the former, gives 
1? 57U746, which is, within about the 8000th 
part, the same as ;| of the circumference of a 
circle, the radius of which is 1. 



42. Let ABCD [plate IJL fig. 30.) be the 
given square: 
With the centre A J ^^ ^j„^ J AC J ^^^^^ 

arcs intersecting each other in the point £. 

Again: 

With the centre C | ^^ ^^.,,^ | AC J ^^^^ 

arcs intersecting each other in the point F. 

Lastly : with the centres E and F, and radius 
AF or C Jl, describe arcs intersecting in O. Q is 
the centre required. 

. .Demonstration., Conceive the necessary lines 
to be drawn^ and a semicircle to be described 
with the centre A, and radius AC ; then (Euclid^ 
III, 2i\) the angle at E, would be a right angle. 
From E, let fall the perpendicular EG> then, by 
simii{|r triangles: As the diameter of the semi- 
circle : CE ; : CE : CG; i. e. (supposing the side 
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pi the square = i,) As. 2sq. r. 2 ; 1 : : 1 : i sq. r. 2. 
BiU, by the constnietioQ, QEC is anasoflcelaitii^ 
angle^ .•. OG^= GC, and coiis0cpiently'OC ss 
20G or 2GC = i sq.r. 2 = | CA. . Q- M. D. 



43. Let AB (plate Illyjfg. Sl,^ be the- given 
^ue• With the centres A aad B,< and radius AB# 
describe the arcs* aBb, cAd. Find the points 
C, E, perpendicular tQ A; and P, Fy |^efpendiaw« 
lar to B, by the first part of Problem 38. ,Ni»w lil 
must be evident, by the construction, .that. the 
points A, B, C, D, and A, B, £, F, are the exti^ 
mities of two sqtiare^.f Fin^ their lyeiipecUvd 
centres G and H by the Itist problem. Agaiii; 
the points A, G, B, H, are also the extremitiiss of 
a square; find the centre Gas before: this. wiH 
be the middle, of the jiae ,AB as wa6 required.- / 

As the method of finding the centre of a square 
is demonstrated in the k^st .problem, no farther 
demonstration seemi^ necessary. 



44. Find the extremities nh ^ o^ the diameter, 
(plate IIL fig. 32 J and the pmnt A per{>ehdi^ 
cular to the centre^ O, by Pto^km 38. 

*For want of room in the plate> the arcs o«^y are. 
described, instead oi the whole circles (as should havQ 
been the case^) in order that the construction may be 
adapted to the figure. 

f Here we have a method of describing a square upon 
a given line^ by th6 compasses tmUf. » 

{If the centre of the circle is not known -, assume 
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Find, abOy the middle poiAt r between o and ft 
hy the imi p^Mlem*. Apply the radius from n 
to o; lUen, wtth €be centre r, and radius Ar de- 
scribe an arc. Also, with the centre c and radios 
Am or An, describe a no th er arc intersecting the 
former Jn the |K>int s. The distance Ab bdng 
caitied fhe times txMmd Ihe ctrcle, the bngular 
points of the required pentagon will be determi- 
ned ; and, by joining those, the figure is drawn 
as was required. 

DemonstraHon. By employing a ruler, it 
will be found that the above method of construe* 
lion agrees with the one eommtmfy adopted, 
wMi this- difference) that, when the diameter tnn 
is drawn, we have i|k>t to apply the distance 
Am from c to 5, in order' to intersect th^ arc de- 
scribed with radius Ar and centre r; for the line 
mn intersects it in « : which nrast here be proved. 

ImagMng lines to be drawn; if mn passes 
through «, rosis aitgbtUtae, andr^^ +cr® ^=^cs^; 
i. e. Ar'^ -f- ( jio^ — tn^ = Am% since, by con- 
struction, irffrr jiirj and es = -<^m. Now -^r* = 
Ad^ 4. of^ , hence -afo« + o;« 4. (Ad^ — m^J 

=: 2 AfP 3E^m', as it ought to be.> • * • &c. 

(p3^For a demonstration of the common method above 
alluded to, see the Ladiei' Dia¥yfor 1786 ; or CreswelVt 
Supplement to Euclid, Book IF, Prop, 17, , Cor. 30. 

three points in the circumference, and procatd as in 
j^-oblem 33, 

^For, by that problem, it is evident that the eomtre 
of the shortest diatt^ce between' two pmnts, may b« 
found without drawing a line to join them. 
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h See Jig. l, plate IV. 



2,Seeyi^i2, dUtia. 



«*>9* 



3. See>%/3> iitt»>. 



* ■! . Ill l y 



4. See fig. 4, dtVto. 



5. See fig. 5, ditto. 



6. See fig. 6, i2t7/o». 



7. See fig. 7f ditto. 



8. See fi^. 8, rffWd, 



9. The trees must stand in the , periphery of a 
regular decagon^ 8 along each side, and 1 at each 
corner. 



10. Let ABCD (platelV.fig. 9.J represent the 
quadrangle. Produce the opposite sides DA and 
BC) till they meet in the point £, also AB and 
DC^ tiU they meet in F ; join EF, and through 
the point D draw a line parallel to it } produce 



-*«._-•■ -»s 



iOO A KEY TO TRSB8 PLANTBD IN ROWS. 

BA and BC, till they meet thb line in 6 and H. 
Divide GD and DH into the same number of 
equal partB ; for example, four. Join the points 
of division in the line GD to the point F, and 
those in the line DH to £ ; then those points 
where the lines intersect the sides of the quad- 
rangle, and where they intersect each other 
within it, are the places where the trees are to be 
planted. 

Then, to have a quincunx; in each small 
quadrilateral of the plantaticm, draw two diagonals 
intersecting each other : in each of these pointo 
of intersection, the fifth tree is to be planted. 
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1. The two places must be directly under tUe. 
two poles; for to tlxe north pole the sun. rises 
about the 21st of March, and does not set tilLthe, 
23rd of September: and the ensuing twilight 
continues till the siin is 18 degrees below the 
horizon/ i. e. till about the 13th of November; 
thjen dark night continues till about the 29th of 
January, at which time day-break commences,, 
and the morning twilight continues till sun-rise,, 
on the 21st of March.— Hence, between sun-rise 
and sun-set, 6 months elapse,, between day-break 
and the end of twilight about 288 days, but total 
darkness continues only 77 days.. . 

N. Bl 'When. the sun. rises to the nortb pole, he sets 
to the souths et contra ^ and ' bec^usis ^e rises but once, 
sind'set3' but qnte in the year^ there can be but one 
d^y'bhd <!me bight during the whole year. 



"2: IfbyneitTier day nor night is mean twilight,. 
tl*e places may be in any part of the Frigid Zones: 
BbtJ if Ventre to understand that the sun neither 
rises nor sets for 24 hours, -the placies must be 90 
degrees from the sutiv Thus : if the sun be in the 
^uator^ then, the ^iab^i» «(re dfrectly under the 
poles; for, at those times, the siin* circuits ^bbiit 
their horizon £>r 34vhou]^, half/abqve' ahll lialf 
belowi ife; ! henc^. dmiiig tb»t time; ftJst^ftte 
neither day nor night. .^^/k' 

k2 
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3. Directly under the south pole ; whieh has 
not only the least, but the greatest, and all inter- 
mediate dfegreea of longitude, ii&fte Aey all meet 
in the poles. * Or thus : all places that lie under 
the finst meridi&n, have both the gr^ate^ fuid 
least degree of longitude ; for wheo the utmost^ 
exte^t of longitude* ends, its least d^gon)in|(tioii. 
l^egins. '' 

4* Suppose one place to lie directly ui^de^ 
either of the poIes». a ^econ(} lOi d^gf^s on (hi^ 
side, apd a third 2Q (degrees on th^ othisr;! uod^ 
the ^ame meridian circle, then they will all diflfer 
in latitude, and likewise in Ipngitude, since tl^Q 
pole contain^ q11 degrees of longitude. 

5. The par^d9X seems to refi^rtp^the difference 
made by Geographers ii^ fixing their first meri- 
dian. . Thus, the Byitish have it at Qf^e^wiqh; 
theDfitoh^ at the Peak of Te^erif]^^ p^e of tji^ 
C^n^ry Is}es ] and the Freiji^b, .^t F^rcQ^^^^pifeer 
of the Canary IMejSj. No»F take^ ip t}^e ^n^ laj^^, 
tude, three places ; suppos&lO degrees from each 
of 4;t]|Q^ meridiaiis- Thep. tb^ y^ijft aJsQ #1 :ag»ee 
in Iqii^itud^, witibi cesjjpct ^ tjbeir fii»t ipeyji^iaw/ 



n,l ' I' ^ ■. . . 



'.' * J . 



t. ^'. XhU omly^isferii to die olc2 :i«Kay ^ rMkonkig thit 
l9¥l8^d^; dt |9:^j»(7 iBAde 40^ ml/ M^ 180^ degteeft. both 



bKf» iMr flftbtrntk dm dig? fivery w^ encUor 

Or Ifam: theMoplaee9 imyb^ Mftc^o, ajei^. 
port in: Ciiioui, pOMesaed b^ the P^rUigueM ; and 
the Philippine Isles, said to bek»ig lo tbi» Spaaiarda 
<^ Ca9tUe ; plac(QS near ^ach oth«r and under the 
oama marUton* Noir , when, tbe^ Spaniards have 
tiieir last Satxusday in I^enli, the BoDtugu|Bfie, in 
Ma$aa» eat.fleabi it being d^eir fiiait Sunday in 
Eaater. 

Ttie cause oC this diff^eaea is^ dut^ the Spani^ 
ards sailed .thiAher Wieaberlyi and losi half a day, 
and the Portus^uese easterly) and gained half a day. 
[«Sbe J^tarmius* A Geography^ chop. 29. prop. 12, 
c<»raL 3;} 

Tq illuatrate ^Ibis: suppose ttie persdns who 
U»rel wseafeiyanl sboiiitd keep pace with the sun, 
it is evident Ihatth^y wouldiiwre cfuatk^iiia) day. 
Off It woiald be th^ satte day to, t)iem dmrkig their 
voyage round the earth; bujr the people who 
remained at the plaoe-those- departed from, have 
bad night in the same ttme^ and tkesefoM reckon 
a <biy more tbaa the former* . 

Mini 1 1 1 ( i'l 

7k ' DJreolly. nnder tbn: soitth pole; 



;9« Sappofl^vthe isianfl^O'te NegMpont, in the 
iB^ean sea, wiiere ^botb GiMristians and Turks 
dwielk the kAte^ foUeiwuig the hvofiut y»ar, which 
la 11 daps.iidiQSter than the Solan^ obaaitred by the 
former. Now, if thq chikhani (one of whom may 
be born of Christian, and the other of Turkish 
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parenta) should. live together 30 Solar yearS) ^iM 
then die at the same moment of time, AeTurk,- 
according to the Turkish reckonuig^ woidd be 
10 months older than the Christian, according to 
the Christian reckoning. 

Or thus : if one of the children sail direetly 
east, and the other directly west; when they have 
encompassed the globe, there will (according to 
the preceding solution) be two di^s difference in 
their ages; and, as that might be accomplished 
in. one year, there would, sUler: 50 years sailing, 
be a difference of more than 3 months. 



■»*^ 



9. If a hnmiag-glass be made the nodus of the 
dial, and be so situated that the focus may fall (m* 
an iron or brass plate or ring, on which the 
figures are deeply cut; a blind man (on any part 
of the globe) may feel that part which is heated 
by the sun, also, upon what figure it is, and to^ 
which it is nearest.. : , . 



10. Horizontal dials within the IVopics cast 
no shadows at noon twice every year, because the 
sun is vertical : and- no universal ring -dial will 
shew the hour when the sun is in either equinox. 



11. The first meridian (fixun whence longitqde 
is reckoned east and west) passes midway be- 
tween the. ship and the island, and therefore 
regard is hiri to the east and west longitude, and 
not to the points of the toinpass. . . 
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' 12. Directly under the poles^ where all the 
points of the compass meet. 

18. The earth is surrounded by a body of air^ 
called the atmosphere, through which the rays of 
light come to the eye from all 4he heavenly 
bodies; and since these rays are admitted through 
a vacuum, or at least through a very rare * medi- 
um, and fall ob)iquely upon the atmosphere, 
which is a dense medium, they will, by the laws 
of optics, be refracted in lines, approaching nearer 
to a perpendicular from the place of the observer 
(or nearer the zenith) than they would be were 
the medium to be removed. Hence, all the 
heavenly bodies appear higher than they really 
are, and the nearer they are to the horizon, the 
more obliquely the ray falls, and, consequently, 
the greater is the refraction^ or difference be- 
tween their apparent and true altitudes. 

The above may be elucidated by the following 
simple experiment. Put a piece of silver at tbe 
bottom of an empty vessel, and then stand at such 
a distance from it as to -cause the silver to be just 
out of sight. Then, by filling the vessel with 
water, which is a denser medium than air^ and 
standing at the same distance from it as before, 
the silver may be plainly seen. 



14. When the sun is in the horizon of any place, 
(whether Naples or elsewhere) he is the length of 

* A medium is a fluid or substance, through which a 
my of light can penetrate. 
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tbe eiurtk'9 semidi«meter more ^slaiMi from tiiat 
place than in his meridian at noon. Now, there 
being bnt a very smaH-- proportion between the 
depth, of the lowest valley in the world and the 
earth's semidiameter, which is nearly 4000 miles^ 
ijtke sun must be conedderably more than 30QO 
miles nearer at noon than at his rising, there 
btting no valley, even the hundredth part of 1000. 
^ilesdeepw. 



>VM« 



K. It is very probable that there may be one or 
more vStages, not only in the south of England, 
particularly Sussex^ but in a more southern lati- 
tude, so situated on the north side of n hilly as to 
be prevented by it from seeing the sun, sevei'al 
days before and after the winter solstice. 



16. Direcdyt under the south pole. 

Or thus: by a metonymy, taking the sun for 
sunshine. It may be any place beyond the Antarctic 
<Hre1e^ and, then it is not to be understood that 
the sun stands still in the meridian, but that be 
enlightens it for so many days, as he is above the 
horizon ; as when we say that the sun does not 
move from such a wall or dial, for so many hours. 
Thus^ in latitude 68 degrees south, the sun shines 
upon its merii^an constantly for 30 days. 



17* Directly under the north pole. 



1& Directly under either of the poles. 

19. Directly under the uoue&i pol^ whciH the 
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tttii. enters aiie% and ander the south pole wboti 
he eotetB libra ; at bodi which ttmes^ when it it 
iiiU moOD^ though they both rise oa opposile akiea 
•f the horiiion, i. e. in the eqninootial poiots^ 
yet they are both upon the saane points of the 
compass, i. e. under the north pole due south, 
and under the south pole due north. 



22. Suppose the three places are in Sweden, 
Norway, and Russia,, wh^e their day is about 
two moDlhs long near the ^omiEier solstice^ and 
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20* There are several piaoes in Englamd, and 
in other parts, where ^ rivers run a considerable 
way under ground ; as die Mole, in Suiry, and 
the Guadiana, in Spain ; the former runs fiom 
Dorking to Leatheiiiead, under ground, which is 
upwards of 4 miles, or about 7000 yards ; which 
would evidently afford sufficient room for more 
than 3000 men to walk abreast. Or thus : if a 
common bridge is meant,, the men may pass over ^ 

it sideways. 

21. In all places, persons standing near any 
still and clear water> will, by, the refracted vision, . 
appear with their heads downwards to others 
that are looking into it. 

Or thus : China being situated in a meridian, 
almost opposite to ours, the feet of its inhabitants 
must be very nearly opposite our .feet; and, 
therefore, it may seem to us as if they walked 
«m their heads* 






« 
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let die' fourth pli^^e be *eqiud»tant from tlie « 
other three* N0W5 a person walking but IS ^ 
miles a day^ may, in 2 months, perform upwards 
of 700 miles, which is evidently more thim the* » 
distance required. 

23. Admitting the earth to be ' without any' 
irregularities as to its surface, it would not even ' 
then (as is generally imagined) be a sphere, but 
an t oblate spheroid, flattened at the poles. 

In the former case, the length of a degree in 
every latitude is the same; but in the tetter^ it 
' will in no two places be^alike. 

Or thus : suppose London, Paris, and Bourbon, . 
all under the same Brazen meridian; equally - 
different in latitude, yet the distance ^from Lon- 
don to Paris, will exceed that of Bourbon to * 
Paris, nearly 100 miles ; because London is about 
2 degrees west of the latter place, which is about 
the breadth of the Brazen meridian : whereas 
Bourbon and Paris are in the same longitude, 
md consequently, nearer by almost 2 degrees. 



24. If any two places be in the same parallel 
of latitude, respecting the rhumb, the first must 
bear of the second east and west; and yet the 
second, respecting the angle of position, (or the 

* If so> it will be found that the fourth place is 571*35 
(=t£05L sq. r. 3) milesfrom each of the other three, which 
is about ^ of the distance that they are from each other. 

t An oblate^ spheroid is a solid formed by the revdtt* 
iioa Qf a semi^eUipsis about its voajugate diametor. 
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bearing of one place from the zenith of the 
other) on the globe, may be much short of due 
west. Thus : Lisbon, in Portugal, and Smyrna, 
in Natolia^ are in the same parallel of latitude, 
viz. 39 degrees north; and, therefore, by the 
rhumb line, they bear east and west. But, on 
the globe, Smyrna bears off the zenith of Lisbon 
75 degrees N. E. and Lisbon bears off the zenith 
of Smyrna 80 degrees S. W. 

' N. 6. A >lmmb line miikes equal angles with all meri- 

dians o& the globe 3 and an equal part thereof alters the 
iatiitude equally : but^ in the circle of position^ it makes 
unequal angles, i. e. greater angles with all 6tber meri- 
I dians than with that from which it was drawn. 
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25. In a deep well or coal-pit, those stars 
which are in, or near the zenith, will, at all 
times, in a clear sky, become visible to an eye 
that is for a short time steadily directed towards 
them. The reason of this is, that the surround- 
ing light which the atmosphere difiuses in the 
open air, is prevented firom pressing on the siglit. 



26. This refers to the artificial globe and the 

hour index. Thus: the difference of longitude 

between London and Messina is 16 degrees, which, 

being reduced into time by the hour-circle and 

index, makes no more than 1 h. 4 m. As to the 

time of the year, not* th wind, &c. &c. they appear 

to be inserted only to render the parado^c more 

intricate and obscure. 

t 
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27- The two places must each be 50 miles dis- 
tant from one of the poles, and both in one great 
circle or meridian ; but on different sides of th6 
globe.. Then, supposing two such places, one 
on each side of the north pole, the first 50 miles 
of the course will be due north, directly towards 
the north pole, and the remaining 50 miles will be 
due south, or directly from the north pole* 



28. Supposing the two places to be denoted by 
A and B, the former situated 60 miles or 1 degree 
east of the latter, and consequently, differing in 
time scarcely 4 minutes; yet, if a ship, instead of 
sailing from B to A eastward, should sail directly 
westward, the distance run would be 359 degrees, 
amounting to more than 23 hours difference 
in time, although the shortest distance between 
the two places would be only 1 degree. 



29. Not only three, but all places under the 
equator : for, during the first part of the nighty 
one iiemisphere is visible, which, in twelve hours, 
entirely sets against morning, when the other half 
appears, that was entirely hid the evening before. 

30. This may arise from the diurnal advance 
of the sun, moon, and planets, in tlieir particular 
orbits, which exceed the 15 degrees hourly, oi' 
360'' of the equinox, by the said diurnal motion 
of the planets. Or, it may be a floating island. 

* 

31. Directly, or nearly under the north pole^ 
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beeause the sun, ia consequence of the earth's un- 
equal motion round him, continues about seven* 
days longer, in the artificial day, under the north 
pole, between Aries and Libra, than in that, un- 
der the south pole between Libra and Aries. 



32. This appears to have reference to the 
variety of risings of the planets and starf^ as to 
one, the Cosmical, the other, the Achronicai, the 
tbird, the Heliacal, tibe fourth, the true or appa- 
rent diurnal rising of the moon. Each astro- 
noo^er, though exactly true with regard to that 
particular rising, will 4i%r from the rest, not 

only in minutes and seconds, but in hours and days. 

# » 

33. The former place must be under the tropics 
when the sun is vertical. The latter place under 
(be poles or polar circles. 



34« Dbrectly or iiearly under the poles. 



35* From ttie wn which is considered tbe 
c^itre of the world's system. 



1 
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36. The planete are Venus 9nd Mercury, which 
have a two-fold exjunction with the sun^ both, m 
the wperior, and infaior, or opposite points of 
their orbits ; in the first, they are between the sun 
and us, «nd then^ sometimes^ viz. at their transits, 

, I^See the note to the 6th Geograplucsl Theorem in 
Keitb'a Useof the Globes. 
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appear like spots in his disk; and in the last^ the 
sun is between us and them. 



37. The first place is on Venus or Mercury, and 
the last on Saturn or Jupiter. 



38. The north side of the wall is perpendicular 
to the horizon, and the sun, having north decli- 
nation all the summer, will shine on the north 
side before six in the evening. The south side 
has a reclining plane, the acclivity of which is 
greater than the latitude of the place, and, there- 
fore, the sun will shine on that place before six 
in the morning all the summer. 



39. This may be understood two ways. 

1st. With regard to the poles: aU places are 
south of the north pole, and north of the south polel 

2nd. With regard to the spiral or rhumb line, 
made by a ship or perspn travelling on any one 
point of the compass, between the cardinals, 
whidi suppose S. E. from Madrid 2000 miles, the 
second place will be S. E. of the first, and differ 
both in longitude and latitude fi*om Madrid ; and, 
if he travel 2000 miles more on the same rhumb, 
the tWrd place will be S. E. of the second, yet 
differ in latitude and longitude from them both. 



40. The planets are Venus and Mercuiy ; the 
orbits of which being within that of the earth, 
never form either a trine, square, or sextile aspect 
with the sun. 



1 
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/41* Tbe place may be the wharf of Greaiwich^ 
tba Isle (ao called) of Dogs orer against it, and 
the appearance caused by refraction, when the 
irater is hig^. See solution of paradox 13th. 

42. Each of those placc^ must be under the 
equator, and each considereil as the first meridian. 

43. Guernsey lies between England and 
France^ and is abcmt 26 nnles from France ; uid 
England is but 21 miles- from France, between 
Dover and Calais. 



44. Any two places not next to one another, 
must be more distant than those that are; and 
the first and last the most distant of all. 



45. Under any part of flie equator, when the 
sun is in the equinoctial, he may be said to be 
due east, at every hour before noon, and due 
west every hour after noon. 

Or thus : at any place where the declination is 
greater than the latitude ; for then the sun will 
be upon the same vertical cii'de, twice in the 
morning, and twice in the afternoon. 



46. They must fii'st form themselves into a 

circle, at the south pole^ the centre of which 

will be behind every man ; and when they have 

travelled 5400 miles, they will come to the 

equator, where they will stand sideways to each 

otiter^ 300 miles distant, in a.cjjrcle, the centre 

l2 
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of which will be directly under them, in the 
centre of the earth ; and when they have tra- 
velled 5400 miles more, they will all meet again 
with their faces inward, directly under the north 
pole; and, consequently, the centre of that 
circle must be before them. . 



47. *From the Jews' abode let the other two set 
out, the Christian due east and the Turk due 
west, on the globe; then their reckoning will 
agree with the Jew6' when they meet, and on 
the Saturday they will all keep their proper 
sabbaths. 



48. If a person be bom in Bissextile, on the 
29th of February, and travel westward round the 
globe, he may see twelve Bissextile years before 
he is completely 44 years old. 



49. The man and his wife disag^ree on board a 
ship : he goes to one end, and she to the other; 
whence the Paradox is evident. 



50. In some high latitude, about the longest 
day : when the time from sun-rise to sun*set 
amounts to several months. 



51. The person might first see the sun rise, in 
a part of the horizon that was level ; and then, 
by changing his situation, perhaps a mile or less, 
he might again see the sun rise in a part that was 

f S«e Emerson's Geogniphy, Pn^. 19. and its Corol. 
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hilly ; as, during the intermediate time, the sim 
,had been hid by the hills. With regard to his 
setting, the effect would be exactly the reverse 
of the former. 



52. • Accordin^g to Euclid, a plane can touch a 
circle only in one point ; and that person only, 
who stands on that point, with respect to the 
centre of the sphere or earth, can stand upright. 

See Whiston's Euclid, Book 1, Prop. 37, Schol (1.) 

53. All walls are endeavoured to be built per- 
pendicularly to the tangent, and point to the 
earth's centre, to which, if continued, they 
would meet in a point, and consequently are not 
parallel; and on one point only can a perpendi- 
cular be raised, as appears from the preceding 
solution. 

Or thus : By the European city may be meant 
Edinburgh, which is noted for stone buildings^ 
that are very high, and strong, and that stand on 
an inclined plane. 

54. According to Whiston's Euclid, Book 3, 
Prop. 37, Schol. (3.). **If any one should travel 
over the whole circumference of the earth, the 
way gone over by his head would exceed that 
gone over by his feet by the difference of cir- 
cumferences ; or by the circumference of a cir- 
cle, the radius of which is equal to the man's 
height.^' 

Now, supposing that each of the circumnavi- 
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gators, AnfiOD, Drake, and Cook was .6 feet high; 
then the diameter of a circle, of that radius, will 
be 4 yards, and the circumference a little more 
than 12 yards. 



65. The man must travel in tbb circumference 
of a circle, (which must not measure less than 
100 miles,) in the centre of which the church 
must be supposed to stand. 



56. 'The horse must be put in a mill, where 
he will travel in a circle, without any impedi- 
ment; and, as circles increase the farther they 
cure from their centres, so the near legs of the 
horse, making a larger circle than the other^ 
must pass over ^lore ground. 



57. The places must lie in the circumference 
of a circle. 



58. The surface of w^^ter is always spherical ; 
and the greater any sphere is, the less is its con- 
vexity. Hence, the top diameter of any vessel 
at the summit of a mountain, will form the base 
of the segment of a greater sphere than it would 
at the bottom. This sphere, being greater, must 
(from what has been already said) be less con- 
vex; or, in other words, the spherical surface of 
Ae water must be less above the brim of the 
vessel ; and, consequently, it will hold less in 
the former case than in the latter. 
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59. As grain, trees, &c. are always considered 
to grow perpendicularly to the horizon : the 
surface of a hemispherical hill, measuring twenty 
acres, being just twice that of the horizontal and 
circular base on which it stands, will bear no 
more grain than a level field measuring ten acres* 



60. The fire must be the sun, which imparts 
more heat to the earth in summer than iii win- 
ter, although it is nearer^ the sun in the latter 
season than in the former. 
Here are two positions to be demonstrated .* 

1st. That the earth is nearer the sun in winter 
than in summer. 

2nd. That the sun imparts more heat in sum- 
mer tlian in winter. 
'With regard to the former: The apparent 
diameter of the sun is longer in winter than in 
summer, and therefore the earth must then be 
nearer him, since all objects appear larger as we 
approach them. 

With regard to the latter : As the earth has 
just bee]> shown to be nearer the sun In winter 
than in summer, it might be supposed that it 
must receive the greater heat. But as their 
farthest distance exceeds their nearest onlv about 
a thirtieth part of their mean distance from each 

^ The orbit of the earth (as well as that of every other 
planet) is Elliptical; yet the sun is not supposed to be 
fixed in tbe centre of the Ellipsis^ but in one of the foci. 
Hence it is evident that tbe earth is not always at tb« 
same distance from the sun. 
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Other, we may conclude tl^ a difference so 
umdl, caa make little or no seprible alteration of 
heat. 

Hence the phenomenon expressed in the para- 
dox mu6t be produced foy more powerful causes. 

The more directfy the rays of the sun fall upon 
any object, the greater is the heat hnp^ted, and 
the more abUguefy, the kss is the heat; because 
a greater number of rays fidls upon the same 
space in the former case than in the iaUer. 

Hence, in.summer, whilst the sun ia at, or 
near his greatest altitude, his rays &U the more 
directly upon the e«u'th ; aad^ conseigiKntty, it 
receives a continual increase of heat; whereas, 
in winter, die contarary effect must take place. 
Again, in summer, when the sun is IbngesI 
above the hqrizpn, the earth is heated the great- 
est i^ce of time; and the nights, being the 
sbprte^e, H faa(B the least time to cpol; and^ con- 
sequ^itly, there must he the greatest increase of 
heat ; ' whereas, in winter, the effect must b^ 
the reverse. 

From what hi^ been said, it may be conclu^ 
dl^d ; That die small difference of the distances 
of the earth from the sun, in summer and in win-^ 
ter, oceaskms little or no si^isiUe difference of 
beat; bat that the excess of beat in summer 
above that in winter, arises from the combined 
effects of these two causes ; The more direct 

emission of the sun's rays, and the loflger dura^ 
\hn of the sun above the horizon in summer 
than in winter.- 
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SYMBOLS,' 



As a few symbols are employed in the key^ it may 
not be improper to explain^ in this place^ such as are not 
the most common. 

1 . . • . therefore, 

2. Q. E. D. quod erai demonstrandum, which wtts to 
be demonstrated. 

3\ AB^ , AB squared. 

'4. sq. r. the square root of. 
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